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AGGRESSION AND SEXUAL ACTIVITY IN THE BROWN LEGHORN 
COCK 


By D. G. M. WOOD-GUSH 
Poultry Research Centre, West Mains Road, Edinburgh 


Testosterone propionate administered to 
* young chicks (Noble & Zitrin, 1942) or to adult 
capons (Davis & Domm, 1943) increases their 
Jaggressiveness and sexual activity. This work, 
together with the many other experiments 
employing different species, indicates that the 
aggressive and sexual drives of the male are 
physiologically related to some degree. Like- 
‘wise the two drives show a close psychological 
relationship in the domestic fowl. Guhl (1950) 
showed that male dominance facilitates mating, 
and Wood-Gush (1956) found that the courtship 
display of the cock contains both sexual and 
aggressive elements. These results suggest that 
Ja study of the relationship between the two 
drives in the adult male, and during development, 
would be rewarding, particularly as the problem 
may have implications of practical importance. 
Guhl, Collias & Allee (1945) observed two small 
groups of cocks and concluded that the level 
of sex drive of a cock and his position in the 
peck order are not necessarily related. The 
generality of this also needs to be investigated, 
for in many establishments several cocks are 
kept with each group of hens under fairly in- 
tensive conditions. In such cases the dominant 
cock, although not very active sexually, may 
prevent the others from treading and the 
fertility of the group may suffer. The object of 
‘this paper is therefore to examine, using a large 
group of cocks, the relationship between the 
aggressive and sexual drives of the individual, 
and the male’s fighting score, peck-order 
position, and sexual ranking. Finally, the 
development of the two drives is also studied 
to show how this relationship comes into being. 


A. The Adult Cock 

Methods and Materials 

Drever (1952) defines aggression as “‘attack 
Yon another, usually, but not necessarily as a 
response to opposition’? and this definition 
overs the term as it is used in this work. For 
each cock scores were obtained measuring 
11) his relative sexual activity, (2) his relative 
Jaggressiveness, (3) his relative fighting score, 
4) his peck-order position. Twenty-eight cock- 
Merels aged 6-8 months at the start of the ex- 
periment were used. 


Sexual Activity 


Sexual activity scores were obtained by 
observing the mating behaviour of each cockerel 
in two pens of hens over a total time of four 
hours. Each cockerel was released singly into 
the pens and all matings, complete and in- 
complete, were scored. The methods and results 
have already been described (Wood-Gush & 
Osborne, 1956) and need not be repeated here. 


Aggressive Behaviour 


After all cockerels had been scored for sexual 
activity, 2 measurements of aggression were 
then obtained. Six of the cocks were formed 
into a fighting team and trained for ten con- 
secutive days, until they appeared to be fairly 
consistent in their agonistic behaviour. Then 
each of the remaining 22 cockerels (hereafter 
referred to as the untrained cockerels) met each 
of the fighting team members, within a period 
of twenty-two days. The choice of the 6 un- 
trained cockerels to fight on any particular 
day was done by the drawing of lots. This 
randomizing procedure, however, was inter- 
rupted if any untrained cockerel tended to have 
several fights on consecutive days, for it seemed 
desirable to spread each untrained cockerel’s 
encounters over the entire period in case the 
behaviour of the team members or untrained 
cocks should alter during the course of the 
experiment. Each encounter lasted for a maxi- 
mum period of three minutes, and full details 
of the movements of both cockerels were 
recorded by the observer who was _ hidden. 
The methods of release and time of the observa- 
tions were standardized. If one cockerel avoided 
the other continually, the encounter was 
terminated after ninety seconds, and also if one 
male was losing the fight it was immediately 
terminated to minimise any possible condition- 
ing of either contestant. From these encounters, 
two measures of aggressiveness for each of 22 
cockerels were obtained. They were (a) the 
number of fights initiated allowing one fight per 
encounter, and (b) the time taken to start 
fighting. 

For these measurements to have any validity 
it is necessary for the trained team members 
to be consistent in their behaviour. A careful 
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examination of the records of all the encounters 
was made to ensure that this consistency had 
been shown. Before discussing the point more 
fully, however, it is necessary to give a brief 
description of the types of encounter observed. 
A full description of the fighting and agonistic 
display of the domestic cock has been given by 
Wood-Gush (1956) and only the pertinent 
points need to be repeated here. On meeting, 
two cocks may immediately start fighting or 
assume the fighting stance for a while and then 
start fighting. If both are a little fightened, 
they both display, and this display is often 
accompanied by small advances or retreats, 
until they are very close. If only one is afraid 
he takes evasive action which of course varies 
according to the intensity of his fear. A proper 
fight therefore only occurs when both cocks are 
psychologically ready for it. On this assumption 
it is necessary to show that the team members 
did not prolong any pre-combat period by 
temporary demoralization. Only 2 cases out 
of the 132 encounters show that the team 
member obviously prolonged the display, and 
these were due to the one bird. Generally, they 
seemed to match the behaviour of the opposing 
bird—if the untrained cockerel immediately 
attacked the team member, he fought back. 
If the untrained cock displayed with advances 
and retreats the team member did likewise. 
If the untrained cockerel fled to a corner the 
team member took the initiative and displayed. 
The records thus reveal only two obvious cases 
of a team member prolonging the encounter 
unnecessarily, and no cases of precipitation 
of the fight by the team member before the 
other bird was showing aggressive display 
were discernible. In the 132 encounters, 93 
combats were initiated by the untrained or by 
both cockerels, 10 by the team members while 
another 29 were credited to the team members, 
due to the untrained cockerel refusing to 
approach the team member in the first ninety 
seconds. 

Furthermore, it was also necessary at this 
point to test the behaviour of the untrained 
cockerels for consistency to ensure that no 
significant conditioning occurred during the 
experimental period. Firstly, the percentage of 
combats initiated by the untrained cockerels 
in their first two encounters was compared 
by means of a “‘t’”’ test, with the percentage of 
similarly initiated combats in their remaining 
four encounters. The difference was found to be 
non-significant (0.1<P<0.2). A similar test 


was also done comparing the data from the last 
two combats with those from the first four,). 
and again the difference was non-significant. 
Therefore, no conditioning of the untrained 
cockerels as a group, to initiate either more o 
fewer combats with additional experience is 
discernible. 

Secondly, in order to find out if the time’. 
taken to initiate combats had been affected’ 
by experience, the data from the 6 encounters” 
were divided into three pairs of encounters and 
subject to an analysis of variance. The differ- 4, 
ence between cocks was found to be significant’ 
(P<.01) as were the difference between the¥, 
three pairs of encounters (P< .05) and the inter-% 
action between cockerels and pairs of encounters: 
(P<.01). It was decided therefore to use the’ 
total time taken to initiate all combats, as well} 
as the total time taken to start fighting in the’ 
first, second and third pairs of encounters, a 
measurements of the cockerel’s aggressiveness. 
Each of these four measurements was then 
tested for correlation with the sexual activity 
score of the male (See Table I). 


Fighting Score and Peck Order Position 


Each untrained cockerel was given two 
points for each fight won; one point for each'® 
fight drawn, and zero for each fight lost or for® 
complete refusal to fight. The data for this type” 
of score are shown with the other scores in 
Appendix I. 

The peck order position was determined in 
the following manner. The 25 remaining) 
cockerels including team members were divided’ 
into three groups in a random manner and 
each group placed in a pen and left there for’ 
two weeks. i i i 
observed for several hours and the number of 
males pecked by each cockerel was recorded. ¥ 
This short period for the study of the peck® 
order was chosen because although some re- 9 
lationships would be unsettled, even long 
established groups of cockerels sometimes: 
contain such labile relationships. The main 
difficulties in such a short time are to sort out! 
the permanent reversals of positions from: 
temporarily unsettled relationships, and to get: 
to know all the relationships, for sometimes two’ 
males rarely come into contact. The method used’ 
to overcome the first difficulty was quite arbi- 
trary; both males in a doubtful relationship’ 
were credited with being dominant if pecking’ 
of one another over the entire period was 
observed, but if only one male was dominant 
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over the last week, he was credited. However, 
the number of relationships that were doubtful 
in either manner was very small and 15 out of 
the total of 92 possible relationships have been 
omitted due to one cock dying during the 
experiment and 2 becoming ill before it could be 
completed. Care was taken to eliminate any 
data that could have been affected by the 
illness of these males. 


The values of the various correlation co- 
efficients are shown below in Table I. It will be 
seen that the two measurements of aggression 
are significantly correlated and that fighting 
score is also significantly correlated to each of 
hese measurements. Sexual activity, however, 
does not appear to be correlated with any other 

easurement. 


. The Development of Aggression and Sexual 


Activity 
ntroduction 
In seeking to explain the lack of correlation 
between aggression and sexual activity in the 
ock, many hypotheses can be tendered. The 


Feasiest to test experimentally, perhaps, is that 
| two’ 
r each) 


he two drives show no relationship at the 
start of a bird’s life. Noble & Zitrin (1942) 
showed that precocious, aggressive and sexual 


Table I. The Correlation be 


behaviour could be elicited in the male chicks 
only a few days old. At that age the social 
experience of the birds is very limited, and the 
two drives may be easily examined to find out 
whether they are fully discrete and uncorrelated 
when the chick is very young. 


Development in Normal Male Chicks 


Before proceeding to discuss the experiment 
designed to test this hypothesis it is necessary 
to summarise the main points from observations 
on the development of the two drives in normal 
untreated Brown Leghorn chicks. A small 
group of male chicks was observed daily to 
learn when aggressive behaviour would first 
appear. The first actual threat behaviour was 
observed at 22 days of age and in this instance 
was accompanied by some sparring. The date 
of this occurrence is somewhat later than that 
reported by Bruckner (1933) for the onset of 
fighting behaviour. A comparison of the 
frequency of aggressive behaviour showed that 
from the age of 3-5 weeks there was little change; 
it then increased, but remained fairly constant 
over the next two weeks. Despite this increase, 
the encounters were quite at random and often 
went no further than threat display. If sparring 
did occur it did not appear to lead to any victor- 
ies or defeats. There was no evidence of a peck 
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Variates 


Correlation 


Coefficients F Value 


Sexual activity & 


total no. of combats initiated in 6 encounters 


—0:05 


no. of combats initiated in first 2 encounters 


—0:24 >0-1 


total time taken to start fighting in all 6 encounters 


+0:18 >0-1 


—0°15 >0:1 


total time taken to start fighting in second pair of encounters 


& 
& 
& total time taken to start fighting in first pair of encounters 
& 


+0-28 >0-1 


& total time taken to start fighting in third pair of encounters 


+0°23 >0:1 


Total time taken to initiate 6 combats & 
No. of combats initiated in 6 encounters 


—0:88 <:001 


Fighting score 


& no. of combats initiated in 6 encounters 


+0-72 


Fighting score & total time taken to initiate 6 combats 


—0-69 <-001 


Fighting score & sexual activity 


—0:17 


No. of 33 pecked in peck order & sexual activity 


—0-045 


— 
_ i 
——| | 
— 
<.001 
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order, and no submissive display or capitulation. 
Therefore, it seems that up to the age of seven 
weeks, at least, chicks are unlikely to alter one 
another’s aggressive tendencies by their occa- 
sional fights. 

The appearance of sexual behaviour is 
difficult to judge accurately. The courtship 
display of the adult male so resembles agonistic 
display that treading is the only criterion that 
can be safely used. Furthermore, cockerels 
appear to be more precocious sexually than 
pullets, so when placed with pullets at an early 
age the pullets are unco-operative and the males 
are unable to tread them. Similarly, when 
placed with adult hens young cockerels are at a 
disadvantage for the adult hens generally do 
not crouch for cocks smaller than themselves. 
With these considerations in mind, the use of a 
stuffed pullet in a crouching position was found 
to be most satisfactory as a means of eliciting 
the treading response. In this way the earliest 
treading by normal males was found to occur at 
the age of eighty days. It seems therefore that 
the aggressive drive is more precocious than the 
sexual drive, but this finding does not disturb 
the possibility of an early correlation between 
the two drives. 


Treated Chicks 
Material and Methods 

Since it seems that the social experience of 
chicks under the age of seven weeks are un- 
likely to affect its innate aggressive behaviour, 
8 five-week old males of uniform size were 
used in this study. At this age, they were caged 
in individual cages and for six days were given 
daily injections of testosterone propionate 


amounting to a total of 11 mg. of the hormone. 
On the seventh day they all met each other in 
paired encounters, each lasting for five minutes. 
All threats, aggressive pecks, and any fights 
started were recorded. A point for each of 
these entries was awarded to the chick, and a 
chick was deemed to have won an encounter 
if his score was three or more points higher 
than his opponent in the encounter. In the few 
cases in which there was a sustained fight, both 
contestants were credited with a draw. Two 
points were given for each win, and one for 
each draw. 

On the eighth day each chick was introduced 
to a freshly killed female chick of the same age, 
lying in a crouching position, and left in the 
arena for five minutes. They were then graded 
on their response to the dead female. Their 
behaviour was of four types: (i) mounting and 
treading with cloacal contact; (ii) mounting and 
treading; (iii) mounting; (iv) no response. 
Results 

The results of the two tests are shown below 
in Table II and it is apparent that some of these 
chicks did not respond with equal intensity 
to the two types of stimuli, i.e. the manifestation 
of a high degree of aggression is not always 
accompanied by a high degree of sexual activity. 

Di a 

The lack of correlation between the peck- 
order position of a male and its sexual drive 
may have practical implications, and the 
evidence given here is further supported by 
data in which no correlation was found to 
exist between the ontogenetic peck order}! 
position of a cockerel and his sexual ranking’ 


Table II. The Rankings of Eight Six-week-old Male Chicks for Aggression and Sexual Activity 
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(Wood-Gush, unpublished). It was suggested 
that under semi-intensive conditions where two 
or more males are penned with females, the 
dominant male although possessing a sex 
drive of low intensity may prevent the other 
males from treading and thus hinder the 
fertility of the group. Further experimentation 
is necessary before the generality of this point is 
accepted, for it is possible that the presence of 
other males may stimulate the dominant male 
to be more active sexually than usual. The data 
presented here nevertheless do emphasise that 
the fairly common method, of selecting a cock 
by means of phenotypic appearance and general 
aggressiveness, gives no clear indication of the 
cockerel’s mating potential. 

The results from the young treated chicks 
indicate that the two drives are clearly differ- 
entiated in their responses to hormonal stimu- 
lation and suggest that the drives are uncor- 
related even at the age of a few weeks. Of 
course, this does not preclude the possibility 
that in certain males the relationship between 
them may be affected by later experience or 
development. In other cases the drives may be 
similarly influenced by the general physio- 
psychological tone of the animal, e.g. the chick 
4779 remained sluggish in response to the 
hormonal treatment. 

The earlier appearance of the aggressive 
drive in the male chick cannot be explained by 
differences in the rates of maturation of the 
respective nervous mechanism, for the work 
of Noble & Zitrin (1942) shows that both drives 
may be elicited in chicks younger than those 
used in this study. It is possible that the aggress- 


level of testicular hormone production than 
does its sexual behaviour. If, however, either 
drive depends upon the interaction of the 
testicular hormone and one or more other 
specific substances, then the appearance of the 
particular drive may be dependent on the 
production of the inter-acting substance(s). 

Although both drives are dependent on the 
endocrine action of the tests for their mani- 
festation, the evidence given here shows that 
their relative responses to equal amounts of 
exogenous hormone differ. It seems, therefore, 
that the testicular hormone merely forms a 
basis for the appearance of the aggressive and 
sexual drives but that its effect on the relative 
strengths on the two drives may be only partial 
and not absolute. 


Summary 
Twenty-two cockerels were scored singly 


for sexual activity in 2 pens of hens, and then 
scored for aggressiveness. Two measurements of 
aggression were obtained by observing each 
cockerel in 6 individual encounters with six 
special cockerels that had been trained to fight. 
These measurements were (i) the number of 
fights started with one fight per encounter, and 
(ii) the time taken to start fighting in each 
encounter. 

After the data had been examined for any 
possible conditioning effects on the 22 cockerels, 
the scores for aggression were found to be highly 
correlated with one another but not with the 
sexual activity of the male 

The number of fights won, drawn or lost were 
also recorded and the fighting score of each 
male was found to be significantly correlated 
with the measurements of aggression, but not 
with sexual activity. 

The cockerels were then divided into three 
groups, penned, and the peck order position 
of each cockerel determined. No correlation 
was found to exist between the peck order posit- 
ion of a cockerel and his score for sexual activity. 
The practical implications of this are discussed. 

«The development of the aggressive and 
sexual drives in young male chicks is briefly 
described and the relationship between the two 
drives was examined in young male chicks 
treated with testosterone propionate. It is 
suggested that the relative aggressiveness and 
sexual activity are also uncorrelated in im- 
mature cockerels. 


REFERENCES 

Bruckner, G. H. (1953). Untersuchungen zur Tierso- 
ziologie, inbesondere zur Auflésing der Familie. 
Z. Psychol., 128, 1-105. 

Davis, D. E. & Domm, L. V. (1943). The influence of 
hormones on the sexual behaviour of the fowl. 
In Essays in Biology. University of California 
Press. 171-181. 

J. (1952). of psychology. London: 


nguin Boo 

Guhl, z M. M. (1950). Heterosexual dominance and mating 
behaviour in chickens. Behaviour, 2, wad 

Guhl, A. M., Collias, N. E. & Allee, W. C. (1945). 
Mating behaviour in the social hierarchy ‘in small 
flocks of White Leghorns. Physiol. Zool., 18, 
365-390. 

Noble, G. K. & Zitrin, A. (1942). Induction of Mating 
Behaviour in male and female chicks following 
injections of sex hormone. Endocrinology, 30, 
327-334. 

Wood-Gush, D. G. M. (1956). The agonistic and court- 
ship ‘behaviour of the Brown Leghorn Cock. 
Brit. J. anim. Behav., 4, 133-142. 

Wood-Gush, D. G. M. & Osborne, R. (1956). A study 
of differences in the sex drives of cockerels. 
Brit. J. anim. ‘mee. 4, 102-110. 


Accepted for publication 2nd April, 1956 


1 


My 


=) 
° 
> 
< 
= 
~ 
< 
= 
< 
< 
Zz 
= 
= 
n 
= 


KH 


ANN 


ur poysed 
PP JO"ON 


(spuoses ut) 
syequiod PIE 
IRIS 0} SUIT) [BIOL 


(spuoces 
S}LQUIOD Puz 
0} SUIT} [BIOL 


qed 3S] 
0} OWT} [eIOL 


(spuoses ut) 
S}yeQUIOD 
0} [BIOL 


OM} 
3S] Ul poyentur 
S}BQUIOD JO ‘ON 


poventut 
s}equiod 
jo ‘ON 


ay) SupAOYS UT “TIS pue (9-z suumjo>) uoyssaaBBy Ayapoy 10} $2409 OL “I XIGNAddV 


6 
dror 
take 
Sof’ 
cage 
worl 
one 
Nix¢ 
of ¢ 
ACH 
migt 
SUPF 
(per: 
ms trate 
23 In 
cont 
of tv 
A 
13th 
ensu 
insid 
was 
: 
| four 
hrs. 
ing | 
ment 
In tk 
regal 
intro 
aie RON Ol 
old, 
with 
He: 
EEE EES EEE EES: *A 


THE FOOD OF ADULT DRONE HONEYBEES (4pis mellifera) 


By J. B. FREE 
Bee Department, Rothamsted Experimental Station 


Introduction 

Perepelova (1928) observed workers feeding 
drones on 30 occasions but never saw drones 
take food directly from combs. Alpatov & 
Sof’yanova (1950) found that drones kept in 
cages were fed more frequently as the ages of 
workers available to feed them increased from 
one to seven days, but older workers fed them 
less often and foragers did not feed them at all. 
Nixon & Ribbands (1952) found that the drones 
of a colony did not share incoming nectar 
supplies to any extent and suggested that this 
might mean they were fed on brood-food* 
supplied by the workers. However, Simpson 
(personal communication) found that drones 
leaving their hive appeared to contain concen- 
trated honey in their honeystomachs. 

In order to obtain more information about the 
food of adult drones, the activities of numerous 
drones of known ages have been recorded, and 
continuous observation made of the activities 
of two drones during definite periods each day. 


Method 


A colony of about 3,500 bees occupying two 
combs was placed in an observation hive on 
13th July, 1955. Arrangements were made to 
ensure that no bees emerged from their cells 
inside the hive but that young developing brood 
was present continuously. 
> From 14th July to 18th August a group of 

100 young worker bees not more than twenty- 
four hours old was added to the colony at 09.00 
hrs. every day. Each bee was given a distinguish- 
ing group mark. Whenever possible 10 newly 
emerged drones were also introduced to the 
colony each day, although later in the experi- 
ment this number was not always available. 
In the analysis of the data collected, bees were 
regarded as one day old on the day they were 
introduced to the colony. 

Observations began on 25th July, when the 
oldest marked bees present were fourteen days 
old, and were then made daily until 18th August 
with the exception of 30th and 3lst July and 
2nd, 13th and 14th August. 


*A secretion of high protein content produced by the 
pharyngeal glands of the worker honeybee and fed 
to larvae and adult queens. 


On 2nd August, at approximately 11.00 hrs. 
a drone (No. 201) was given a distinguishing 
mark as he emerged from his cell and was 
placed in the observation hive. He was observed 
continuously from 12.00 hrs. until 15.00 hrs. 
on that day and from 11.00 hrs. to 15.00 hrs. 
on each of the following eight days. Another 
newly emerged drone (No. 237) was distinctively 
marked and placed in the observation hive on 
llth August and watched continuously from 
11.30 hrs. to 15.00 hrs. on 11th August, and 
from 11.00 hrs. to 15.00 hrs. on the 12th, 15th, 
16th, 17th, 18th August. Drone No. 201 flew 
from the hive when he was six days old and 
again when he was eight days old, whereas 
drone No. 237 was not seen to fly during the 
days on which he was observed. 


Results 


Whilst in the hive drones spent most of their 
time stationary on the comb, often in the 
company of other drones. Drones 201 and 237 
spent 70.7 per cent. and 73.4 per cent. of their 
time respectively in this manner. Periods of 
rest were frequently broken by periods of 
movement over the comb, the majority of which 
lasted for two minutes or less, the longest lasting 
for only twenty-four minutes. During many 
of these periods of movement the drones either 
fed themselves from stored honey or attempted 
successfully or otherwise to obtain food from 
workers. 

When a drone was seen to be fed by a worker 
his identity and that of the worker were re- 
corded whenever possible. The total number of 
occasions that drones of different ages were 
observed being fed is shown in Fig. 1. During 
the first few days of their lives the only food 
which the drones ate was given to them by the 
workers. Drones of one day old or less were not 
fed as much as those of two-five days old. This 
was probably because these very young drones 
were unable to beg for food as effectively as older 
drones (c.f. Free, 1956) and were sometimes 
seen to beg from the abdomens of worker 
bees and even from other drones, although 
drones have never been seen to feed one another. 

As they grew older drones received fewer 
feeds from workers and finally appeared to be 
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the mean duration of feeds over 


»———-«NO, OCCASIONS FEO two seconds* in duration was 41.6 


BY WORKERS. 


seconds (range 3-150 seconds) it! 


*----9N0, OCCASIONS FEO was nevertheless apparent that the 


FROM HONEY CELLS. shorter feeds occurred the more’ 
frequently and as the duration’ 


NO. OF FEEDS. 


Fig. 1. The number of occasions drones of different ages were fed by worker The total time during which| 


of feeds increased their numbers 


decreased. The mean length of: 
feeds which drones of different: 


ages received from workers is 


given in Table I. Drones of two’ 


and three days old took longer per 


feed than drones of other ages.’ 
Not only, therefore, were drones| 
of two and three days old receiving’ 


more feeds than drones of other 
ages, but also the feeding periods 


were longer, and, presumably, 


more food was received. 


bees and fed themselves from honeycells. drones 201 and 237 fed each day 


Table I. The Relationship Betneen the Ages of Drones and 
the Duration of their Feeds 


Age of drone a. No. 
(days) i observations 


is given in Table II. 


Both drones were fed on fewer and fewer. 


occasions by workers after their second day in 
the hive. Drone 201 was first seen to feed 
himself from honey cells when four days old 
and was only once seen to be fed by a worker 
after he was six days old. Altogether he was 
observed to visit 22 honey cells but he did not 


feed from 11 of these and the mean length of 


time he spent feeding at each of the remainder 
was 20.5 seconds. 

Drone 237 was never seen to feed from a 
honey cell and begged for food on all the days 
he was observed, whereas drone 201 was not 


seen to beg after he was five days old. The 


Table II. The Length of Time Drones 201 and 237 Spent Feeding during Daily Observation Periods 


Age of drone (days) 


0 1 2 3 + 5 6 


Drone No. 201 
Total time (sec.) fed by workers 
Total time (sec.) fed from cell 


Drone No. 237 
Total time (sec.) fed by workers 
Total time (sec.) fed from cell 


60 649 419 303 179 288 
0 0 0 Oo 34 0 145 


| 
| 


/110 250 — 
| 0 0 


feeding themselves entirely on honey from the 
comb. (Although later in their lives drones 
ceased to be fed by workers they still continued 
to be cleaned by them). 


The duration of many feeds which drones 
received from workers was recorded. Although 


behaviour of drone 201 appears to be the more 
typical and in keeping with observations made 


*Only feeds of over two seconds in duration are in- 
cluded since it is considered doubtful whether food 
transmission had occurred when the mouth parts of a 
drone and worker were in contact for a shorter time. 
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Table Ill. The Amount of Food in the Honeystomachs of Drones 


Drones leaving hive 


Drones returning to hive | Drones inside the hive 


No. dissected 21 


Mean wt. (mg.) of honey- 
stomachs and contents 20:0 


| 22 24 


2:5 3-6 


on other drones. Possibly the increased antagon- 
ism of the workers toward the drones during the 
time drone 237 was under observation may have 
affected his behaviour since he appeared to be 
fed less than drone 201. 

Workers between two and twenty-six days 
old were seen to feed drones but the younger 
workers did so more frequently (Fig. 2). Drones 
No. 201 and 237 begged from workers whose age 
varied from one to thirty-four days (79 observa- 
tions) but were only fed by workers of between 
three and sixteen days old (55 observations). 


2 


No TIMES OBSERVED To ORONES 


AGE OF WORKER BEES (Days) 


Fig. 2. The number of times worker bees of different 
ages were observed to feed drones. 


On many of the occasions when the drones 
were seen to feed themselves from honey cells 
they were either just about to leave the hive or 
had just returned to it. 

On 23rd August between 14.00 and 15.00 hrs. 
in good flying weather, drones were captured 
as they entered or left a hive, and at 16.00 hrs. 
further drones were taken from inside the hive. 
Each was immediately dissected and his honey- 
stomach and its contents weighed. The results 
are given in Table III. 


2734567 9 10 62 43 44 45 be 17 18 19 20 21 23 23 24:15 Zo 17 26 


The weights of the honey stomachs of drones 
which were leaving the hive were much greater 
than of those who were returning. All except 
one of the drones captured whilst entering the 
hive had honeystomachs which weighed less 
than 3.0 mg. This particular drone, whose 
honeystomach weighed 23.0 mg., was probably 
orientating himself before leaving the hive and 
had alighted temporarily when captured. It is 
apparent that the food supplies of the drones 
when they returned to the hive were nearly 
exhausted and, since drones make about three 
flights per day under good conditions (Howell & 
Usinger, 1933), it is possible that they return 
to the hive between flights to refill their honey- 
stomachs. 

The refractive index of the honeystomach 
contents of drones captured whilst leaving the 
hive was of the same order as that of honey in 
the combs. 

Expulsion of drones from the hive began 
during the last days of observation. The workers 
mauled the drones, pulling them about by their 
wings and legs, but did not sting them. The 
drones were attacked on the combs, on the 
floor of the hive and on the alighting board. 


The behaviour of the workers towards the 
drones appeared to be related to the age of the 
latter. On the last three days of observation 
(16th, 17th and 18th August) when worker 
aggressiveness was at its height, the mean age 
of drones seen to receive food from workers 
was 6.9 days (range 5-17 days, 33 observations) 
and the mean age of the worker bees feeding 
them was 9.8 days (range 3-25 days). During the 
same period the mean age of 22 drones which 
were being attacked was 23.0 days (range 12-31 
days), and the mean age of the worker bees 
who attacked them was 21.2 days (range 16-30). 
Thus, whilst the younger drones were still being 
fed, the older drones present were being 
attacked. 

The mean age of the worker bees recorded 
flying during these three. days was 25.5 days 
(range 11-36 days), and it is therefore apparent 
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Table IV. The Age of Drones in Various Parts of the Hive (Number of drones given in brackets.) 


Date Brood - containing comb 


Mean age. 


Mean age 


Storage comb Floor of hive 


| 
Range Mean age Range 


16th Aug. 
17th Aug. 
18th Aug. 


6.6 (21) 2-26 
8-7 (13) 6-27 
7-5 (18) 7-9 


15-2 (4) 7-26 | 
14-2 (12) 6-29 
14-6 (13) 9-30 


21-2 (22) 14-28 
22-2 (16) 13-31 
21-7 (25) 9-32 


that most of the bees that attacked the drones 
were probably foragers. 

On each of the last three days of observation 
a group of drones was constantly present on the 
floor in the corner of the hive, and the identities 
of drones present in this group and on the two 
combs, one of which mostly contained brood, 
and the other of which was mostly used for 
honey storage, was recorded daily (Table I'V). 

Thus the younger drones tended to be on the 
brood-containing comb whilst the older drones 
tended to form part of the group on the hive 
floor. In addition to the drones recorded in 
Table IV a group of 6 drones whose mean 
age was 20.8 days (range 16-28 days) were present 
on the alighting board on 16th August. 


Discussion and Conclusions 


The records obtained of the ages of worker 
bees who feed drones are strikingly similar to 
those obtained by Lindauer (1952) on the ages 
of bees who feed larvae, and it is very probable 
that the same bees feed both larvae and drones. 
When these results are considered in conjunction 
with those of Alpatov & Saf’yanova (1950) and 
of Nixon & Ribbands (1952) it seems most 
likely that workers feed drones on brood food 
and that although drones beg from workers of 
any age they are only fed by those producing 
such food. 

However, drones do not require protein for 
the production of their spermatozoa since these 
are fully developed when they first emerge from 
their cells, although the drones are not yet 
capable of coition (Kurlnnoi, 1933). Maurizio 
(1954) showed that pollen feeding lengthens 
the life of newly emerged worker bees and it is 
possible that the brood food received by drones 
may have a similar effect. 

Drones are fed by workers on the first few 
days of their lives only, and afterwards feed 
themselves on honey from the comb, which one 
would suppose is a more suitable diet for sus- 
taining them on their long mating flights 
(Howell & Usinger, 1933). 


It is generally accepted (Ribbands, 1953) 
that workers behave aggressively toward drones 
when there is a dearth of incoming nectar, 
although the factors which release this be- 
haviour are not known. It seems possible, in 
view of the present results, that it is mainly — 
the unemployed foragers who attack the drones. 
These observations conform with those of 
Butler & Free (1952) who found that the guard 
bees of a colony are often foragers. 


Summary 

1. Drone behaviour inside the hive has been 
studied by general observation of numerous 
marked drones, and by continuous observation 
of two particular drones for predetermined 
periods each day. 

2. Drones spend nearly threequarters of their 
time whilst inside the hive in periods of apparent 
inactivity which are frequently broken by periods — 
of movement over the combs. 


3. For the first few days of their lives drones 
are fed entirely by workers. This is followed by a 
period in which they are both fed by workers, 
although not to such an extent as previously, | 
and feed themselves from honey cells. After 
they are about a week old they tend to feed them- 
selves entirely and do not beg food from workers. 


4. Worker bees 2-26 days old were seen to 
feed drones although those of 4-6 days old 
were most active in so doing. It is most probable 
that the workers feed drones with brood food. 


5. The behaviour of workers toward a drone 
appears to depend upon his age. At the same time 
as some of the older drones are being attacked 
by workers the younger drones present are still 
being fed. 

6. The workers who attack drones are 
probably unemployed foragers. 
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THE BEHAVIOUR OF INDIVIDUAL COCCINELLID LARVAE ON 
PLANTS 


By C. J. BANKS 
Department of Entomology, Rothamsted Experimental Station, Harpenden 


Analyses of the distributions of coccinellid 
egg batches and larvae on bean plots (Banks, 
1956a) showed that many egg batches occurred 
on uninfested stems when few beans stem were 
infested with Aphis fabae Scop., and suggested 
that many of the young larvae, dispersing from 
the egg shells after hatching, might be unable to 
find aphids and therefore would die of starva- 
tion. Older larvae were usually found at aphid 
colonies and it appeared that larvae tended to 
stay at the first aphid colony they encountered. 


As the survival of a larva depends primarily 
on the ability of its first instar to find aphids, 
observations now recorded were made on larvae 
recently dispersed from their egg shells. The 
species studied, Adalia bipunctata (L.), Coc- 
cinella septempunctata L. and Propylea quatuor- 
decempunctata (L.), are common predators of 
A. fabae on beans and of other aphids. In field 
experiments larvae were labelled with metal 
foil discs containing radium sulphate (Tomes 
& Brian, 1946) or with radioactive tantalum 
(Banks, 1955); in other experiments, the move- 
ments of larvae were observed directly 


Fleschner (1950) investigated the searching 
capacities of three larval predators of the 
Citrus Red mite, Paratetranychus citri (Mc- 
Gregor), one of which is the coccinellid Stethorus 
picipes Casey. He concluded from his laboratory 
studies that the photopositive and geonegative 
responses of this larva corresponded very closely 
to those of the prey; that none of the species 
of predator was able to perceive the prey until 
actual physical contact had been made and that 
the searching of larvae on a flat paper surface 
uniformly lit from above was random. 


Preliminary experiments, like those of Flesch- 
ner, suggested that larvae of the species studied 
here behave similarly; but some of the con- 
clusions have to be modified when larvae are 
in their natural surroundings, because in 
nature they are influenced by factors which are 
not introduced into simplified laboratory ex- 
periments. 


ACTIVITY OF LARVAE AFTER DISPERSAL 
FROM THE EGG SHELLS 


The General Pattern of Activity of First Instar 
Larvae 

After hatching, coccinellid larvae remain on 
the empty egg shells for 12-24 hours (the ‘just- 
hatched’ stage) and then disperse (Banks, 1956b). 
The activities of three unfed larvae of P. 14- 
punctata, whose just-hatched stage had lasted 
20 hours, were investigated from the time of 
dispersal to death. 

The insects, which were given no food or 
water, were allowed to crawl on paper under 
inverted petri dishes and were provided with a 
small bean leaf inserted through the cork of a 
vial containing water. For each larva the time 
spent stationary and moving during three min- 
utes in every hour was recorded over a period 
of daytime from the time of dispersal to death. 
At selected times the speeds of movement on 
paper were also recorded. 

The larvae were almost continuously active 
when observed during the first day after dispersal 
and their halts were few and brief (Fig. 1). 
The remainder of their active lives showed 
marked decreases in the speeds of movement, 
periods of inactivity become more frequent and 
of longer duration, and the larvae showed a 
progressive difficulty in climbing the vertical 
walls of the petri dishes. The last hours of life 
were spent stationary, and eventually the 
insects could not be induced to crawl when 
touched with a needle. 

The active lives were 31, 26 and 35 hours 
(mean, 31 hours) after dispersal and the times 
from cessation of activity to death were 25, 
28 and 24 hours respectively (mean, 26 hours). 
The active life was, on the average, only 40 
- in of the total life from hatching to 

eath. 


Activity in the Light and in Darkness 

The movement of four first instar larvae of 
P. 14-punctata, one day old, were investigated 
in darkness and in the light. The insects were 
allowed to crawl on paper in areas 10 cm. 


SPEED OF MOVEMENT (mm/min) 


PROPORTION OF TIME SPENT MOVING ( %o) 
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ate A larva was awarded no score if 
£160 stationary on the paper, a score of 1 
= if moving slightly and a score of 2 
€ if moving rapidly. The maximum 
120 possible score for a larva’s frequency 
Fe of movement was 10 and for its speed 
rf of movement 20. The total scores are 
io given in Table 1. 
re) Table I. Activity of First Instar Larvae of P. 
0 40 s 14-punctata and Chrysopa sp. in Light and in 
~ Darkness. The scores for activity of 4 larvae of 
a each species are totalled. 

© Frequency of | Speed of 
LARVA a “score | ‘Score. 
80Pr (out of 40) | (out of 80) 
P. 14-punctata 
In light 25 43 
2 In dark 7 13 
Chrysopa sp. 
In light 13 19 
vi In dark 21 35 
40 
ue The coccinellid larvae made only 
ie limited movements in the dark; in the 
o 4 light, they moved 34 times more often 
and more than 3 times faster than they 
9 / LARVA ¢ did in the dark. In contrast, the chrys- 
9 sor opid larvae moved 3 times more often 
* @ in the dark than the coccinellids and 
their speed was higher in the dark 
aor than in the light. 
MOVEMENTS OF LARVAE UNDER 
14 16 18 20 O8 13 15 17 19 21 O9 14 16 18 20 
Movements on a Flat Paper Surface 


Fig. 1. Activity of unfed first instar larvae of P. 14-punctata from 


An arena similar to that used by 


the time of dispersal from the egg shells (on 24th July) to death (D, on Fleschner was used to study the move- 
26th July). Above, speed of movement (mm./min.) on paper; below, ments of larvae on a flat paper surface. 
proportion of time spent moving during 3-min. observation periods at The paper, 34 cm. x 43 cm., formed 


the times shown. 


square, to which they were separately confined 
by a hot wire, and were kept in the dark except 
when examined for 20 seconds under a red 
light at 10-minute intervals. Ten observations 
were made for each larva’s speed and frequency 
of movement and a similar set of records was 
then obtained for their movements under an 
electric light. Four first instar larvae of Chrysopa 
sp. were observed under the same conditions 
for comparison with the coccinellid larvae. 


the floor of a rectangular chamber, 
three sides of which were covered with dull 
black paper, the fourth being a black cloth. 
The paper floor, which was surrounded by a hot 
wire to prevent the escape of the insects, was lit 
uniformly from above by a diffuse light from an 
electric lamp. The temperature of the chamber 
was between 20° and 24°C. but humidity was not 
controlled. Tracks of larvae were obtained by 
following lightly behind the insects with a 
pencil, 
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Fig. 2. Tracks of unfed first instar larvae, A, of C. 7-punctata for 20 min. on a flat paper surface (area 1,462 
sq. cm.), and B, C, of P. 14-punctata on the upper (32 sq. cm.) and lower (38 sq. cm.) surfaces of bean leaves (Vicia faba). 


Under such conditions, unfed larvae crawl 
actively with frequent changes of direction. 
They rarely move far in a straight line, but often 
crawl in irregular circles or loops of varying 
diameters so that their tracks frequently cross 
each other (Fig. 2 A). Many larvae show a bias 
to one side or the other (Fig. 7) as do some 
Pediculus humanus corporis De Geer (Wiggles- 
worth, 1941). 

The movements on paper cannot be regarded 
as typical of a larva’s behaviour. After crawling 
on the flat paper for several minutes, a larva 
halts, rears its head and prothorax and waves 
its fore legs in the air as if attempting to climb 
some object. This behaviour occurs rarely when 
the insect is on a plant; the wide area in one 
plane is unlike any surface the larva encounters 
in nature and, because it makes frequent turns, 
it is not surprising that many parts of the area 
of the paper remain unvisited, even after a long 
time. 


Fleschner based his calculations of the ‘area 
effectively searched’ by a larva on the width 
of its head and the length of the track. A 
coccinellid larva often halts, fixes the end of the 
abdomen to the leaf surface or paper, and moves 
its body in an arc from side to side; it releases 
its hold and moves on again and later repeats 
the action (Fig. 3). The area ‘searched’ may be 
considerably larger, therefore, than that repre- 
sented by a single line track. 


Movements on Leaves and Stems 


A coccinellid larva crawls over a bean leaf 
with frequent changes of direction, just as it 
does on paper; but the insect cannot move far 
without coming to the edge of the leaf, along 
which it has a marked tendency to crawl (Fig. 
2 B). The legs of one side hold the upper surface 
of the edge, the other legs hold the under 
surface and the adhesive tip of the abdomen is 
used in locomotion and as a holdfast (Gage, 


14 
| 
* 2cm 
Fig. 
forr 
for 
thus 
? trac 
alor 
peti 
the 
secti 
edge 
E 
surf; 
tot 
AS 
they 
find 
the 
alter 
alon 
time 
tinui 
> ster 
Star 
pede 
hair. 
mov 
are 
clea: 


BANKS: THE BEHAVIOUR OF INDIVIDUAL COCCINELLID LARVAE ON PLANTS 15 


Fig. 3. Diagram of the movements of a coccinellid 
ee on a flat paper surface. The area “‘searched”’ may 

ee larger than that represented by a single 
line track. 


1920). The edge of the leaf is not only a physical 
boundary which limits the area available to the 
larva but it modifies, and may determine, the 
form of the track. 

On the under surface of the leaf a larva often 
travels along prominent veins (Fig. 2 Cc) so that 
for a few centimetres the track may be straight; 
thus, the veins may also affect the form of the 
track. If the insect should continue crawling 
along the midrib or edge it may move on to the 
petiole and thus on to the stem of the plant 
without having covered much of the area of 
the leaf. On a bean stem, which is square in 
section, larvae usually crawl along one of the 
edges. 

The tendency to crawl along an edge o or raised 


Table II. Rates of Movement (mm./min.) of First Instar 
Larvae of Propylea 14-punctata on Various Surfaces 


| clean bean | honey-dewed 
larva | paper leaf bean leaf 
1 | 178 131 113 
159 211 120 
3 | 188 167 68 
4 177 156 100 
5 129 105 118 
mean 154 154 104 
clean bean potato 
larva | Paper leaf 
a | 134 163 60 
b | 163 145 48 
mean | 148 154 | 54 


leaves sticky with honey dew and on hairy leaves 
of potato. 


Movements on Bean Plants 


On an isolated, uninfested bean plant, a first 
instar coccinellid larva eventually makes its 
way to the top. It then descends the stem and 
wanders again over lower parts of the plant, 
usually repeating this behaviour for several 
hours. A typical pattern of vertical movements 
of an active first stage larva under these con- 
ditions is shown in Fig. 4. Analyses of the 
movements of 3 unfed larvae observed for 
periods of 2, 3 and 4 hours (Table IIT) show that 
76-85 per cent. of the time was spent touring the 
leaves; a comparatively short time was spent 


surface may be advantageous 
to the insect, for colonies of 
A. fabae usually occur close to 
the veins and larvae would thus 
find them more readily; but as 
the leaves of beans are set 
alternately, a larva crawling 
along the edge of a stem some- 
times passes a stipule and con- 
tinues its way up or down the 
stem to another node (Fig. 6). 

The movements of first in- 
star larvae on leaves are im- 
peded by honey dew and by 


on the stems themselves, for the movements 


hairs. In Table II the rates of 
movement of larvae on paper 
are compared with those on 
clean bean leaves, on bean 


60 80 100 120 140 160 180 
MINUTES 


Fig. 4. Typical vertical movements of an unfed first instar larva (P. ig on 
an isolated bean plant without aphids, during a period of 3 hours. 
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Table III. Analyses of the Movements of Three Active, Unfed First Instar Coccinellid Larvae on Isolated Bean Plants (No 
Aphids Present). No. 1, Adalia 2-punctata, 26 hours old; No. 2 and 3, Propylea 14-punctata, 27 and 29 hours old. 


No. 2 
min. y 4 


Time moving on leaves 
Time moving on stem 
Time stationary 

Total 


on stems was essentially straight up or down; 
the larvae spent very little time at rest. 

During experiments lasting 3 to 4 hours, 
larvae which approached within a few milli- 
metres of the soil turned back and climbed the 
isolated stems once more; as no food was 
found on the plants after several hours of 
wandering, they usually crawled off the stems 
on to the soil, or, if prevented from doing so by a 
hot wire encircling the bases of the stems, they 
eventually dropped off the plants, probably 
through exhaustion. 

The movements of a larva in a clump of bean 
stems differ from those it makes on an isolated 
stem. On the latter a larva eventually reaches 
the apical leaflets where aphids would be but the 
directions taken by the insect in a clump of 
beans are often determined by the chance 
touching of leaves of adjacent stems. The larva 
crawls from one leaflet to another and back 
again, often round the edges of leaves, and 
repeatedly crawls over earlier tracks. 

The movements of a first instar larva in a 
clump of bean stems were recorded continu- 
ously for 3 hours. There were 14 stems with 111 


mature leaves; each stem had clusters of im- 
mature leaves and flower buds at its apex but 
only one of these crowns was infested with a 
colony of about 100 A. fabae. The larva was 
put on to a bottom leaf of an uninfested stem. 
Only 36 (32.4 per cent.) of the mature leaves 
were visited by the larva during the 3-hour 
experiment, 14 being visited once only and 22 
more than once—but only one of the apical 
clusters of leaves was visited. More than half the 
time (52 per cent.) was spent moving over leaves 
already visited and a further 6.4 per cent. was 
spent stationary (Table IV). The larva often 
crawled around the edges of leaves, and when 
these chanced to touch leaves of adjacent 
stems the larva moved from one bean plant on to 
another. The insect’s course was haphazard, 
partly vertical, partly horizontal; sometimes 
on one plant, sometimes on another. It came 
eventually on to the aphid-infested stem 24 
hours after the start of the experiment but 
again the chance touching of leaves diverted it 
from this stem, to which it made 6 subsequent 
visits. Because there was no systematic vertical 
exploring of stems the larva reached only one 


Mature leaves not visited 
Mature leaves visited once 
2 times 


No. of crowns visited of the 14 present 
Time spent moving on bean stems 
Time spent stationary 
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ee 
16 
5 
LS 

C. 7-punctata in a dense clump of beans over a period of 8 days. 

Distances between the positions on bean stems (circles) measured 

horizontally are indicated: A, B and C are the 3 aphid-infested stems. 
of the 14 crowns of apical leaves—and that 
was of a very short accessible stem; it did not 
reach the aphid colony. 

Further experiments were carried out, in the 
field, and the following results of one such 
experiment is typical of the behaviour of 
coccinellid larvae in an area where aphid colonies 
are few. The positions of an unfed fourth instar 
larva of C. 7-punctata marked with a radium 
sulphate disc were recorded at intervals during 
eight days in an area of bean plants 7 m. x 5 m. 
The aphid infestation of the plot had so declined 
that only 3 stems remained infested with A. 
abae; the beans, which had been thickly planted, 
formed a dense mass of vegetation of several 
hundred stems and had overgrown the rows in 
which they had been planted. The larva was 


placed on an uninfested stem 90 cm. from the 
stems with the aphid colonies. 


After five days (119 hours) the insect was 
found at position 13 on a stem adjoining and 
touching the aphid-infested stem C (Fig. 5). 
By crawling up from this position and crossing 
one of many contacts to stem C, the larva 
would have encountered the aphid colony 
which spread approximately 15 cm. down the 
stem. The next day it was found at position 14 
on a stem 60 cm. to the left of stem C, and sub- 
sequently at other positions. It seems that the 
larva did not find the aphid colony on stem C 
because the chance touching of leaves diverted 
it from the infested stem. The larva was not seen 
feeding on aphids during the course of the 
experiment, although it probably obtained some 
sort of food on occasions; at position 16 it 
was seen feeding on the secretion from an extra- 
floral nectary of a bean stem, 


On bean plots where few stems are in- 
fested with aphids, larvae move almost 
continuously and they may travel consid- 
erable distances. The total distance, 
measured horizontally, between the 17 
positions recorded for the above larva 
was 6.4 m.; another larva of the same 
species, tracked on the same plot for two 
days, travelled 8.6 m. away from the 
place of release. Larvae tend to travel 
along the rows of plants but if no food 
is found they crawl off the plants on to 
the soil and thus reach adjacent rows. 


When aphids are present on an isolated 
bean stem, a coccinellid larva on it usually 
finds them. To discover how long the 
larva would take to encounter the aphids 
and to observe its manner of attack 


a first instar larva of P. 14-punctata was placed 
on an isolated stem, the top of which was infested 
with four colonies of A. fabae. The larva 
climbed from a basal leaflet up and down the 
stem and other leaflets for 34 hours in the 
manner shown in Fig. 4, and at last approached 
within a few millimetres of the lowest aphid 
colony. Its movements during the next 30 
minutes are illustrated in Fig. 6. 


Fig. 6. Movements of an unfed first instar larva of P. 14- 
punctata on an isolated bean plant bearing 4 colonies of 
Aphis fabae (A-D) at the apex. The numbers give the 
itions of the larva at the time (in minutes) after the third 
our of the 4-hr. experiment, 
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After 3 hours 29 minutes the larva was under a 
stipule immediately above which was the aphid 
colony A. By climbing from under the stipule 
to its upper surface the larva would have been 
among the aphids; instead, it continued its 
movements up the petiole away from the 
colony and wandered over two of the four 
leaflets. After 15 minutes the insect approached 
the same colony once more along the petiole, 
but when only | cm. from the aphids it turned 
under the stipule and crawled up on to the 
stem. Thus, it had twice missed this aphid 
colony when only a few millimetres away. The 
insect continued its journey up the stem and 
arrived at the leaflets and flower buds near the 
apex of the plant, and, 3 hours 58 minutes after 
the start of the experiment, was within 3 mm. 
of a small aphid of colony D. It halted in front 
of the aphid for 40 seconds and on moving 
forwards again, touched the aphid which it 
immediately attacked. 

The larva was apparently unable to sense the 
aphids from distances of 3 to 5 mm. and it had 
to make physical contact with the aphid before 
it attacked. Although under these conditions 
it took the insect only 4 hours to find its first 
aphid, it had twice missed a prominent colony, 
apparently by a chance movement in a direction 
which led it away from the aphids; thus it came 
to an uninfested part of the plant which, in the 
field, would probably have been touching other 
plants and the larva might then have been 
completely diverted from these aphid colonies. 


BEHAVIOUR OF LARVAE WHICH HAVE FOUND 
APHIDS 
Feeding Behaviour 
Coccinellid larvae often attack aphids from 
the rear. They may use the fore legs to grasp a 
struggling aphid, while the adhesive tip of the 
abdomen holds the larva fast. 


In all three species, first and second instars 
suck out the juices of aphids and leave the 
empty corpses; coccinellid eggs are also sucked 
out and are not eaten whole during these 
instars. The sucking-out is accompanied by a 


periodic regurgitation of the contents of the’ 


stomach into the body of the aphid which 
collapses and _ inflates alternately. Extra- 


intestinal digestion has been recorded for other | 


insects (Wigglesworth, 1953), and in particular 
for the coccinellid larvae Stethorus picipes 
(Fleschner, 1950) and Pullus impexus (Muls.) 
(Delucchi, 1954). Third and fourth instars 


also suck out the contents of aphids and regur- | 


gitate, but they also eat the prey whole, some- 
times at once, sometimes after sucking it out. 
Larvae of all instars defaecate at intervals, 
usually after feeding. 


Because of their small size and of their 


method of feeding, first instar larvae take several 


hours to consume even a very small aphid 


(Table V). Other instars vary considerably in 
the time they take over feeding, for this depends 
on whether the prey is sucked out or eaten whole 
at once, and on the size of the aphid. The times 
given in Table V are for first feeding in a 
particular instar and the durations of feeding 
on subsequent aphids are about the same, 
except when the first aphid was a large one or 


when the attack followed soon after completion’ 


of the first meal. Aphids are often only partly 
consumed and may be discarded when still 
alive; nevertheless, the larva may quickly 


attack another aphid. In this way, larvae rapidly) 


destroy a number of aphids in a colony. 


Behaviour of Larvae After Feeding 

Fleschner observed the behaviour of Stethorus 
larvae after they had eaten their prey. The path 
of a larva leading away from the place where 


Table V. Time Taken by Coccinellid Larvae to Eat Aphids 


Instar 
Time: range (minutes) 
mean (minutes) 
No. larvae observed 
Species 
Approximate size of aphids (mm.) 


a, 


0-5—0-75 


Il Ill 
55—162 18—152 
103 45 
13 13 

b,c. 


a, C. 7-punctata; 


b, A. 2-punctata; cc, P. 14-punctata. 
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of 15 sec. 


a mite had been eaten was generally more 
tortuous than before the encounter. 

The movements on paper of six unfed fourth 
instar larvae of A. 2-punctata after feeding on a 
single small aphid (about 0.5 mm. long) were 
compared with their movements before meeting 
the prey. On the tracks were recorded whenever 
possible the elapse of 15, 30, 45 and 60 seconds. 

The tracks before feeding were, as already 
described, circles or wide loops with long 
stretches of nearly straight lines or gentle 
curves, often with a left or right hand bias. 
Tracks after feeding were generally more 
a | COMplex; they ranged from the type showing 
many small turns to left and right to those 

» which differed little in general appearance from 
6 the simpler before-feeding tracks (Fig. 7). 

The tracks were enlarged by projection on 
to a screen so that changes in direction greater 
than 5 degrees could be measured. The differing 
complexities of the before and after feeding 
curves were then compared by considering first, 
the total angles through which the insects had 
turned during successive intervals of 15 seconds, 
irrespective of the directions of the turns; 
secondly, the turns in one direction, to the 


Fig. 7. Tracks of an unfed fourth instar of A. 2-punctata on 
ceding paper before (a, b) and after (a’, b’) feeding on an aphid. 
On the tracks are indicated the elapse of 4 successive intervals 


right, as proportions of the total angles were 
considered for each period of 15 seconds 
(Table V1). 


The average total angles turned through after 
feeding were very significantly larger than those 
made before feeding for the first 15 second 
period (P<0.001). Immediately after feeding, 
there were approximately as many turns to the 
right as to the left so that there was little vari- 
ation in the proportions of right hand turns 
during the first 15 seconds; in contrast, the 
before-feeding curves showed a much greater 
variability which differed significantly in this 
respect from that of the after-feeding curves 
(P<0.01). During the remaining periods of 15 
seconds, there were no significant differences 
between the two sets of information. 

Thus, during a 15-second period immediately 
after feeding on a single aphid, the pattern of 
movement of the larvae was very different from 
that before feeding. As soon as the larvae 
finished eating, they made numerous small 
turns, often alternately from side to side, but 
as time passed they reverted to the before- 
feeding pattern of moving in wide circles. 

Laing (1937) concluded that the turning 
movements of the Chalcid Trichogramma evanes- 
cens Westwood after ovipositing into an egg of 
Sitotroga cerealella Olivier increased its chance 
of finding another host. Fleschner suggested 
that the post-feeding circling movements of 
larvae of Stethorus, Conwentzia and Chrysopa 
had a similar effect. These views have been 
tested by experiments with larvae of A. 2- 
punctata. 

Nine live nymphs of the aphid Myzus persicae 
Sulz., approximately | mm. long, were pasted 
to graph paper at intervals of 1 mm. in a square 
5 mm. x 5 mm. A fourth instar larva of A. 
2-punctata (5-6 mm. long), which had been 
starved for two days, was set on the paper near 
the ‘aphid colony’ and its movements and attacks 
on the aphids recorded (Fig. 8). 

The larva found five aphids very rapidly 
without changing its position; when it had 
eaten an aphid it stretched itself forwards, 
moving the head and thorax from side to side 
without releasing its hold of the paper. When 
the 5 aphids had been consumed the larva 
advanced, moving its head from side to side 
(Fig. 8f); when 8 aphids had been eaten, the 
larva crawled away from the ‘colony area’ and 
made two complete circles in a small area 
approximately 7 mm. x 10 mm.; on completing 
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Table VI. Analysis of the Tracks on Paper of Six Fourth Instar Larvae of Adalia 
Aphid, at Successive Intervals of 15 Seconds. 


Total angles Angles to the right 
irrespective of as proportions of 
total angles 


the second circle, it touched the re- 
maining aphid which it at once at- 
tacked. Fig. 8 j illustrates the circling 
movements during the 3 minutes 
after the eating of the last aphid. This 
larva took an average time of 3 
minutes 14 seconds to eat an aphid, 
and the mean interval between attacks 
was 23 seconds. 

In a second experiment, with an- 
other fourth stage larva 5 mm. long, 
nymphs of M. persicae (1 mm. long) 
were spaced at intervals of 9 mm. in 
a square 25 mm. 25 mm. This larva 
found the aphids less rapidly, the mean 
intervals between attacks being 60 


Fig. 8. The movements and successive attacks 
of a fourth instar larva of A. 2-punctata on 
nymphs of Myzus a pasted on paper 
1 mm. apart. A track lasting 3 min. is 
shown in j. 
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25mm. 


lasting 3 min. is indicated in i. 


seconds. In order to find the aphids, the larva 
had to change its position after every attack 
and its turning movements, although in small 
area, were sometimes extensive (Fig. 9). Fig. 9 g 
shows how close it came to two of the aphids 
without attacking them. One aphid was not 
attacked at all and the larva finally wandered 
far away from the ‘colony area’. The average 
time taken to eat an aphid was 4 minutes 48 
seconds. 


When 9 aphids were placed so that they were 
practically touching each other, a larva ate one 
aphid after another with scarcely a pause, the 
average time between attacks being only 6 
seconds. The position of the abdomen was 
scarcely altered during these attacks; no 
movement forwards was made until 8 aphids 
had been eaten. The average time taken to eat 
an aphid was 3 minutes 56 seconds. 


Thus, the turning movements immediately 
after feeding may assist a coccinellid larva to 
find more aphids. This behaviour is advan- 
tageous to the predator when the aphids are 
close together in a colony, but if they are 
scattered the behaviour pattern is less useful. 
When the larva is on a leaf, any extensive 
movement would soon bring it to the edge and 
the larva might then, as we have seen, be led 
far away from the aphids. 


The turning movements have been observed 
in first instar larvae after their very first aphid 
meal. 


Fig. 9. The movements of a fourth instar larva of A. 2-punctata 
after attacking nymphs of M. persicae spaced 9 mm. apart. A track 
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Details of Behaviour of First Instar 
Larvae Among Aphids on Bean Leaves 


Four unfed first instar larvae of 
P. 14-punctata were observed for 
approximately nine hours on pairs of 
bean leaflets inserted through the 
corks of small bottles containing 
water; one leaflet of each pair had 
a small colony of A. fabae on its un- 
dersurface. 

Larvae made their first attacks on 
aphids in 6, 10, 19 and 22 minutes 
(mean, 14 minutes) after being put 
on to the leaflets. The first aphid 
encountered was attacked, irrespec- 
tive of its size. The other aphids of 
a colony set up a synchronous 
movement (Taylor, 1950; Ibbotson, 
& Kennedy, 1951), which did not 
deter the predators. The rate of the 
most vigorous of these movements 
was 22-24 per minute; they gradually 
became irregular and died out after 5 minutes. 

The larvae dragged their prey away from the 
colonies. Small aphids were unable to resist 
but a large aphid would sometimes be able to 
kick its attacker away or, if the larva had a 
good hold with its jaws, would attempt to crawl 
away, dragging the larva with it. One large 
aphid was able to free itself and, although 
injured, started to feed on the leaf again. 

After sucking out the contents of an aphid, 
a larva released it and made the small turning 
movements in the immediate vicinity as already 
described for fourth stage larvae; thus it would 
often come back to the spot where the attack 
had been made. If no more aphids were en- 
countered, the larva usually rested on the leaf 
for some minutes and then started to move about 
slowly. Aphid exuviae and pieces of dust were 
examined when met and occasionally an aphid 
might be touched but not attacked; but an 
attack on yet another aphid might follow at 
once. Sometimes a larva came to the edge of the 
leaflet along which it continued to crawl, 
thus wandering off the aphid-leaflet on to the 
adjoining leaflet; but because it continued 
moving it eventually came back to the vicinity 
of the aphids. 

During these observations, larvae stayed 
on the aphid-infested leaflets for long periods; 
two larvae remained there continuously for 
about 7 hours, and another larva for 9 hours; 
the fourth larva remained for 3 hours, went 
on to the adjoining leaflet for 1 hour 24 minutes 
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Fig. 10. Vertical movements of a fourth instar larva of C. 7-punctata on two aphid-infested bean stems in the 
field during two days. A, stem with heavy infestation by A. fabae tended by ants; B, stem with aphid colony, 
at apex, not tended by ants. No. 1-16 indicate the positions at which the larva was found. S, R times of 


sunset and sunrise. 


and returned to the aphid-infested leaflet for 
another period of 3 hours 48 minutes. 


Field Observations on Larvae which have Found 
Aphid Colonies; Protection of Aphids by Ants 


Larvae which have found aphid colonies on 
beans remain close to them for long periods. 
A fourth instar larva of C. 7-punctata labelled 
with radioactive tantalum was placed on a leaf 
of a bean stem among whose apical leaflets was 
a colony of about 50 A. fabae. Within an hour 
the larva had encountered the aphid colony, 
where it remained for many hours, feeding at 
intervals on the aphids. The insect usually 
took up a position about 2 or 3 cm. distant from 
the colony and periodically advanced and 
attacked an aphid. Very small aphids far down 
among the leaflets were inaccessible to the 
predator, whose size prevented its entry into 
small gaps. The positions of the larva were 
recorded for eight days; 7 stems, all infested 
with aphids at the apices, were visited by the 
larva, which was always found among the 
leaflets close to aphids; the position furthest 
from the original stem was only 31 cm. 


In the field, coccinellid larvae may be driven 
away from aphid colonies by ants. Fig. 10 
represents the movements of a fourth instar 
larva of C. 7-punctata on two aphid-infested 
bean steams, A and B. Stem A had large num- 
bers of aphids, extending 45 cm. down the 
stem and on many of the leaves and pods; the 
aphids were attended by about a dozen ants 
(Lasius niger L.). Stem B nearby had a colony 
of about 100 aphids in the crown of apical 
leaves but no ants were in attendance. The larva 
carried a disc of radium sulphate. 

The larva was released on stem A at position | 
from which it ran rapidly to the top of the 
plant; there it remained for several hours and 
was found there also after dark. The next 
morning, it was in the undergrowth of bean 
leaves at the base of stem A but later on, it 
climbed the stem where it was found at various 
positions during the morning. These positions 
were on the upper surfaces of terminal leaves. 
From position 10, the larva advanced from the 
tip of the leaf towards the petiole and there it 
attacked an aphid. It was itself immediately 
attacked by an ant, whereupon the larva 
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hurriedly dropped the aphid and ran rapidly 
along the petiole and up the stem, crawling over 
the mass of aphids. Further up the stem it 
attacked another aphid but was again attacked 
by an ant and forced to drop its prey. It moved 
to the tip of a leaf away from the aphids and 
ants (position 11) and later moved to another 
terminal leaf (position 12). During the after- 
noon, it left stem A once more and made its 
way into the undergrowth. It came on to stem B 
and eventually to the aphids at the top (position 
16) where it was found among the apical leaves. 
There it remained for 18 hours (its position did 
not change after dark), periodically moving 
forwards to attack aphids. 


Conclusions 


When coccinellid larvae disperse from their 
egg shells after hatching they may not be close 
to the aphid colonies in the apical leaflets, for 
during the early stages of the aphid infestation 
of the plants the egg batches are often laid on 
uninfested stems. First instar larvae have 
approximately one day in which to find aphids 
or die, although larvae which have eaten an 
unhatched or infertile egg before dispersal live 
considerably longer and so have a better chance 
of finding aphids (Banks, 1956 b). 

A coccinellid larva on a leaf of a plant cannot 
move far without coming to the edge, along 
which it has a marked tendency to crawl. The 
edge, therefore, often determines the direction 
in which the insect moves. 

When the larva is crawling on an isolated 
plant, the habit of crawling along the edges 
of leaves is of little consequence, for the larva 
eventually visits most parts of the plant, although 
it may waste time and energy in moving over 
parts already visited; the larva will probably 
find eventually any aphids present on an isolated 
plant. 

When the leaves of the plant touch adjacent 
plants, the larva may be led from the leaf of 
one plant to that of another, and it does not visit 
all the parts of one plant before going to the 
next plant. Its movements are unsystematic 
because they are determined by the chance 
arrangement of leaves; the insect may be led 
back repeatedly to leaves it has already visited, 
thus wasting much time and energy. When aphid 
colonies are few, the probability that it will not 
find food is high. 

A coccinellid larva is unable to sense an 
aphid until it touches it. When it has found 
and eaten an aphid, the larva’s habit of making 
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numerous turns in a small area increases its 
chance of finding another aphid of a colony. 
Aphids which are widely scattered on leaves 
are not likely to be found so readily. 

Before larvae find aphids, they move actively 
and almost continuously, so long as they have 
energy to do so, and late stage larvae move 
considerable distances on bean plots. When 
aphids have been found, however, a larva tends 
to stay close to them, and, provided that they 
are sufficiently numerous for the larva’s growth, 
its survival is probably assured. Food supply 
is then no longer an urgent matter and other 
factors, like ants and predators, assume a more 
important role. 

As bean plants age, the aphids spread from 
the initial colonies among the young apical 
leaves to the senescent leaves and to the fruit 
(Kennedy, Ibbotson & Booth, 1950) and the 
infestation spreads throughout the crop. The 
chance of a larva’s finding aphids is then much 
increased and when, as so often happens, nearly 
all plants become infested, a larva would rarely 
have to travel far without encountering aphids. 
A shortage of food would not then be a major 
mortality factor, although it is possible that 
large quantities of honey dew on the leaves 
might hinder or prevent the access of first instar 
larvae to the aphids. 

Chance plays a large part in the survival of 
coccinellid larvae and the high mortality of 
young larvae in the field may probably be 
accounted for by their inability to find food 
quickly. No estimates of mortality from this 
cause are at present available. 


Summary 

The behaviour of coccinellid larvae on 
plants was studied. They moved on bean leaves, 
as they did on a flat piece of paper, with fre- 
quent changes in direction, but the edges and 
prominent veins of leaves often determined 
the pattern of their tracks. The chance touching 
of leaves of adjacent plants influenced their 
direction of movement and, when aphid colonies 
on bean plants were few, larvae might by chance 
be led far away from them. Coccinellid larvae 
wasted time and energy in repeatedly visiting 
parts of plants which they had already visited. 

Larvae which encountered aphid colonies 
tended to stay near them, because after feeding 
they made small turning movements from 
side to side, which increased the chance of 
meeting another aphid of a colony. This be- 
haviour was different from the behaviour before 
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feeding. Fleschner’s (1950) conclusion that 
larvae are unable to perceive the prey from a 
distance was confirmed. 

Larvae (especially the first and second instar) 
took a comparatively long time to consume 
aphids and, in the field, one of them was pre- 
vented from feeding on an aphid colony by 
the attacks of ants which were tending them. 

The behaviour of larvae is discussed in 
relation to their survival in the field. It is con- 
sidered likely that in areas of low prey density 
many larvae (especially newly-hatched ones) 
die of starvation because they do not find 
aphids. 
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EGG SITE SELECTION BY THREE SPECIES OF DARTERS 
(Pisces percidae) 


By HOWARD E. WINN 
Zoology Department, University of Maryland, U.S.A. 


Introduction 

The approximately 100 species of fish in the 
subfamily Etheostomatinae (darters) of the 
Percidae exhibit a wide diversity of behaviour. 
he site where the eggs are deposited appears 
o be relatively specific and constant for many 
species. For the most part the specific stimuli 
o which the female and male react in selecting 
an egg site have not been established. This 
paper describes experiments that were per- 
formed on three species of darters, Etheostoma 
blennioides, E. caeruleam and E. spectabile in 
order to determine some of the factors which 
govern the choice of an egg site. One species, 
. blennioides, lays its eggs on certain plants, 
sually an alga, and this choice is made mainly 
on the basis of texture. The other two species 
deposit their eggs in gravel often both on the 
same stream riffle and there appears to be a 
difference between the texture of the gravel 
hosen. 


Methods and Results on E. blennioides 

Etheostoma blennioides deposits its eggs on 
algae, moss and rarely, other plants which are 
attached to rocks in swift riffles. The repro- 
ductive behaviour of this darter has been 
described in detail by Fahy (1954) and Winn 
1955). Experiments were designed to sort out 
he stimuli which determine the choice of plants 
or deposition of eggs. 

Three bricks were placed in each of two 
similar corners of a series of aquaria 91 x 46 
x 37cm. deep. Light, temperature and aeration 

ere essentially uniform. In addition to natural 
ight, incandescent 100-watt bulbs were used. 

here was a drain pipe in one corner of each 
ank, but its asymmetrical position did not 
appear to affect the experiments. The materials 
sed for the deposition of eggs were attached 
n equal amounts to the two sets of bricks so 
hat the fish were given a choice. The bottom 
of the tank was covered with gravel. In a few 
ases no alternative was provided. Two ripe 

ales and two ripe females were placed in a 
ank after they had been conditioned 24 to 48 

ours to the new temperature, which was 4 to 
10°C. above the maximum field temperatures. 
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The experiments and their results are summar- 
ised in Table I. In this table the following 
materials were algal-like in texture and formed 
loose mats on the rocks: bucktails, artificial 
plants, nylon yarn and squirrel tails. The 
following materials were coarse, not algal-like 
and/or did not form loose mats: cloth strips, 
wool yarn, cotton, cedar branches, and algae 
in cellophane packages. With careful arrange- 
ment both wool yarn and cotton could probably 
be arranged to fit algal-like characteristics 
but this was not done. The experiments listed 
in Table I test for possible chemical, texture 
or colour discrimination. The tests applicable 
to each of the characteristics are listed below. 

In the various experiments the presence of 
some eggs on the gravel is interpreted as 
meaning that sufficient material was not 
available for egg deposition. The eggs are 
always eaten when laid abnormally on gravel 
whereas the male guards those deposited on 
algae or similar material. Also, the fish must 
lay eggs rapidly because many of the ova are 
ripened prematurely as a result of the shift in 
temperature from field to laboratory. Whether 
or not algae flowing downstream from a rock 
is an important factor in egg-site selection 
is not known. In a few instances eggs were laid 
abnormally against the side of the tank and fell 
onto the gravel or other substrate. 

The fact that E. blennioides eggs have been 
found commonly on a green alga (Cladophora 
glomerata), a moss (Fontinalis sp.), and once 
on a flowering aquatic plant (Myriophyllum 
sp.), makes it unlikely that smell is involved 
in egg-site selection for the three types of 
plants might not be expected to have odours 
in common. Further, the fish deposited eggs on 
stained tails of deer (bucktails) with a strong 
odour, nylon yarn, and stained artificial plants 
in experiments 7, 9, 10, 11, 14, 16, 17, 18 and 20. 
Also in experiment 6 a pair of the fish with 
cauterized nares laid their eggs normally on the 
alga. Thus it is unlikely that chemical factors 
are important in egg site selection. 

A large loose mat of material with a fine, 
non-mucilagenous algal-like texture is pre- 
ferred to any other type of material for egg 
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Table I. Laboratory Experiments on Egg Site Selection by Different Individuals of Etheostoma blennioides 


(For explanation see text) 


Experiment 
number 


Number 
of Trials 


Experiment 


Result—Where Eggs Laid 


1 


1 


Green cloth strips vs. white ones 
0-25 — 0-75 inches wide 


Wool yarn vs. cotton 

Green paper strips vs. white ones 

Cedar branches vs. Pithophora 

Only Pithophora, Cladophora or Fontinalis 


Pithophora, (1) urethaned and (2) nares 
caute 


Green stained bucktail 

Batrachospermum vs. Fontiralis 

Green stained artificial plants* vs. red ones 
Green nylon yarn, vs. red nylon yarn 


Squirrel tail (white, black, brown) vs. 
blue bucktail 


Red nylon yarn 


Pithophora in cellophane packages 


Pithophora vs. (1) blue or (2) green nylon 
yarn 


Squirrel tail vs. Pithophora 

Green bucktail vs. blue bucktail 
Green bucktail vs. Pithophora 

Green nylon yarn vs. blue nylon yarn 
Pithophora vs. natural bucktail 
Green artificial plant vs. Pithophora 


Vallisneria 


Only on gravel 


Only on gravel 

Only on gravel 

Only on alga 

On algae or moss 
On alga in both cases 


On bucktail and gravel in second experimen 
On moss, few on gravel, few on alga 
On green plants, few on gravel 

On green yarn, some on gravel 


On few on gravel and squirrel 
tal 


Only on gravel 
Only on gravel 
On all 


5 times as many on alga 

(1) on both, many on gravel; (2) on both 
On both 

On both 

On alga 

On both 

Only on gravel 
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deposition, although small tufts may be used 
when there is no choice. Thick strands of wool 
yarn which did not form a mat, strips of green 
paper, green cedar boughs, algae in cellophane 
packages, the aquatic flowering plant and 
Vallisneria wrapped around the bricks, all of 
which were not algal-like, were not utilized 
(experiments 1, 2, 3, 4, 13 and 21). In one 
particular stream where their normal spawning 
material was absent, E. blennioides did not use 
Batrachospermum, a red alga which is dark 


green and slime-covered. Instead they employeé 
small branches of Myriophyllum. In experimen 
8 there were only a few eggs on the red alga 
and these probably fell there because no 
enough Fontinalis was available. The nylo 
yarn which formed a mat when tied into mops, 
the bucktails, and the artificial plants wert 
essentially algal-like and were all used for egg 
deposition. It is believed that tactile stimulatio 
is important in the selection of the substratum 
but it is possible that the negative effect 
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ucilage-covered algae could be a chemical 
esponse and that other textural features may 
nvolve visual responses. 

The attributes of colour and its effects as a 
stimulus for egg deposition have not been 
adequately studied but certain tentative con- 
lusions can be drawn. Saturation was not 
ested and neither were other visual sensations 
such as transparency, glossiness, lustre, sparkle, 
etc., most of which are not considered to be 
important here. In the choices between red and 
green, there was a strong indication that hues 
in and around green wave-length values might 
be an important stimulus for the choice of the 
egg-laying site, rather than luminance (intensity 
or brightness). Experiments 9, 10, 12, 15 and 
19 indicate that this darter exhibits a strong 
choice for green over red and possibly over 
grey (as in the natural squirrel-tails), whereas 
experiments 14, 16 and 18 demonstrate that a 
choice between blue and green is not made. 
After the above experiments were performed, 
a series of six nylon yarn mops, one black, one 
white and the other four a graded series of greys 
were tested against six dark green mops (Table 
Il). The results adequately eliminated the 
possibility of a positive reaction to only green 
wave-length values, and showed that luminance 
is not very important. The experimental choices 
between red and green suggest that the fish 


Table II. Egg-laying by Different Individuals of E. blen- 


nioides on ylon versus a Graded Series of Black 


to White Nylon 


First Test | Second Test 


Green 75 plus 
Black 75 plus 
Green 50 plus 
Dark Grey 50 plus 
Green 50 plus 
Intermediate Dark Grey 20 plus 
Green 0 

Intermediate Light Grey | 100 plus 
Green 100 plus 
Light Grey 1 plus 
Green 75 plus 
White 25 plus 


reacted negatively to the red coloured materials. 
This was not tested further, however. 

The experiments show that an algal-like 
texture is an essential characteristic for the egg- 
site selection by E. blennioides. Other features 
tested were found to be unimportant. 


Methods and Results on E. caeruleum and 
E. spectabile 

A tank with five different gravel sizes was 
used to test whether E. caeruleum and E. 
spectabile would choose between the different 
sizes for egg deposition. Their spawning be- 
haviour has been described in detail by Winn 
(1955) where the two species spawn on the same 
gravel riffles. The tank measured 75 x 25 x 
23 cm., and each kind of gravel occupied a 
section 15 x 24 and 1.5 cm. deep. The large 
gravel was 14 to 22 mm. in greatest diameter; 
the moderate-sized gravel 9 to 12 mm.; the fine 
gravel 5 to 8 mm.; the coarse sand | to 3.5 mm.; 
and the fine sand 0.2 to 0.8 mm. The number of 
times a female exhibited the gravel-burying 
movement and the number of spawnings were 
counted (Table III). There was a significant trend 
Table III. Laboratory Experiments on Egg Site Selection 

in Two Species of Etheostamo 
(For explanation see text) 


E. caeruleum E. spectabile 
| (Observed 2’ 15”)} (Observed 3’) 


Large Gravel 
Ba 


Moderate gravel 

Fine gravel 


0 
0 


: 
| 
riment 
a 
irrel 
both 
25 8 0 
0 4 0 
100 plus 
50 plus 14 119 
10 s | 3 7 
loyet 100 plus Coarse Sand 
rimen 
d aloll 25 B 0 5 
no 0 0 0 
nylo 
mops. 50 plus Fine Sand | 
wert 
or egt 50 plus B | 0 
ilatio 20 plus Ss 0 
ratum 
ect of 10 plus a B, gravel-burying stimulus by female, 
b S, spawning act, 
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for E. spectabile to bury itself in the finer 
gravel. This behaviour is manifested in the field 
and is generally correlated with a slower current, 
which was not tested although field data (Winn, 
1955) may indicate that velocity, per se, is not 
the most significant factor. On the other hand, 
E. caeruleum showed a strong tendency to bury 
and spawn in moderate to fine gravel, thus 
supporting the field observations that this 
species prefer slightly coarser gravel than E. 
spectabile. 


Discussion 


The number of experiments testing chemical 
factors (9) and texture (6 negative responses and 
23 plus positive responses) shown in Table I 
for E. blennioides are probably sufficient to 
eliminate the effect shown in Table II where a 
preference may be reversed in a second test. — 

The selection of algae by E. blennioides is 
apparently accomplished by the female on the 
basis of texture. There may also be a negative 
reaction to red which appears to have little 
relation to the visual surroundings of the fish’s 
habitat. The male mounts a female only when 
she moves up on the algal mat (Winn, 1955). 
It is still necessary to study the stimuli to which 
the male reacts when he establishes a territory 
among the alga-covered rocks. 

The fact that a mucilagenous algal material 
is not selected is important from an evolutionary 
point of view. It would be strongly selected 
against because the eggs do not adhere satis- 
factorily to such a surface and this is necessary 
for successful hatching. 

The slight difference in gravel size utilized 
for the deposition of eggs by E. caeruleum and 
E. spectabile aids in the maintenance of two 
separate niches on a fine-gravel riffle. Fabricius 
(1954) has shown that Salmo alpinus prefers a 
certain size of gravel to spawn in when given a 
choice. He found also that the fish reacted to 
some sort of visual stimuli in selecting the proper 
gravel size. The behaviour of the darters also 
indicates this, but in addition, a certain testing 
of the area is performed. When provided with 


several gravel sizes, they often attempt to bury 
in the different types. The motor mechanism 
characteristic of the species apparently does not 
allow them to utilize certain bottom types. 
The vibrations of the burying movements are 
not sufficient to bury the fish with ease in 
certain sized gravel. The buried female keeps 
the breeding pair in a stationary position. 
When given no choice, the female will occasion. 
ally attempt to gravel bury on a slate bottom 
and the male will mount her. The vibrating 
pair then shoot forward and the act is frequently 
unsuccessful. The pressure on the sides of the 
female may also aid in the release of eggs, 
but this needs to be tested experimentally. 


Conclusions 


A series of experiments permit the conclusion 
that Etheostoma blennioides selects algae ot 
other similar plants for egg deposition mainly 
on the basis of texture and not on the basis of 
smell or colour, although a negative reaction to 
red may occur. Etheostoma caeruleum and E. 
spectabile have a slight average difference in 
the size of gravel utilized for the deposition o 
eggs. 
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STUDIES OF FIGHTING IN CHAFFINCHES 
(4) APPETITIVE AND CONSUMMATORY BEHAVIOUR 


By P. MARLER 
Madingley Ornithological Field Station, Department of Zoology, University of Cambridge 


Experiments in winter with captive Chaffinches 
Fringilla coelebs, and Yellow Buntings, Emberiza 
citrinella (Andrew, in press), have shown that 
proximity between two individuals results in 
fighting in a variety of contexts. The term 
“proximity” implies that the other individual 
is not merely in view, but at a certain definite 
distance. Among Chaffinches the distance varies 
particularly with presence or absence of the 
male red breast, and also with behaviour and 
individual characteristics. No experiments have 
been conducted with groups of more than one 
species, but general observation suggests that 
inter-specific proximity is equally effective in 
evoking aggression or avoidance, with birds of a 
certain size range. 

Study of both aviary and wild birds suggests 
hat this violation of “individual distance” i 
esponsible for most winter fighting in these 
species (Andrew, in press; Marler, 1955-56). 
Fighting usually occurs only when birds are 

lose together for some other reason such as 


> Dal feeding or drinking. The birds do not seem to 


seek out opponents; that is “‘appetitive behav- 
jour” (Tinbergen, 1951) does not appear 
pontaneously, i.e. “without any change in the 
external world’? (Hinde, 1953). Two short 
experiments have some bearing on this problem, 
hough the main evidence on which this paper 
is based derives from general observation of 
wild and captive birds. 


Fighting Among Inexperienced Chaffinches 

To check that the response to proximity 
is not a result of some form of social condition- 
ing, (e.g. by deprival of food by another bird), 
hree male and six female Chaffinches were 
reared in visual isolation from 8 days after 
hatching. Fighting behaviour appears normally 
lat about 50 days. At 100 days the birds were 
placed in pairs in small cages (25 x 35 x 45cm., 
or 25 x 35 x 90 cm.) for 30 minutes (females) 
or 60 minutes (males). 

The males were matched A-B, A-C, B-C. 
At first all avoided proximity. The minimal 
distance tolerated was 10-15 cm. As the birds 
became relaxed aggression appeared, 65 seconds 
after the first pair met, and later in the others, 


one bird repelling the other with “head-forward” 
display. It always resulted from proximity, 
which was never preceded by any preparation 
for attack. Of 48 cases of proximity observed 
in 180 minutes, 44 resulted from accidentally 
alighting close during nervous movement, 3 
from panic, and 1 from feeding together, all 
ending in avoidance. 

The behaviour of the females was similar 
except that they were more nervous of each 
other. All but two of the 24 encounters resulted 
from proximity during nervous movement, the 
others from strong aldrm. One pair avoided 
each other throughout the experiment. As to. 
be expected, the birds were obviously very 
nervous of each other, and proximity usually 
resulted in both opponents fleeing immediately 
without aggressive display. Thus in the males 
only 17 of the 48 encounters resulted in actual 
display. This nervousness might inhibit any 
tendency to seek fights. However, if this were 
the case, the seeking should appear as the birds 
became more at ease. The males were matched 
again in the same pairs on the following day. 
A reduction of the proportion of encounters 
in which both opponents fled without display 
may be taken to imply that they are less nervous. 
This was found in 2 pairs, where the proportion 
of encounters resulting in actual aggressive 
display increased from 5/22 to 13/14, and from 
8/16 to 15/20. Their behaviour was also more 
relaxed, yet there was still no sign of seeking 
for fights. 

A further check was provided with control 
observations in which hand-reared female 
Chaffinches with extensive experience of other 
females were paired with strangers in similar 
conditions, but observed for longer periods. 
These were even more confident, as shown by 
changes in the causes of encounters. In one 
series 4 pairs of females had 17 encounters 
in 90 minutes, caused by proximity during 
nervous movement—7, feeding—6, drinking— 
3, or while inquisitive of the other bird—1. 
In another series of 12 pairs of females observed 
for 1 hour (8 pairs) or 90 minutes (4 pairs), 
a total of 43 aggressive encounters all resulted 
from proximity. In 26 cases the cause was nervous 
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movement, in 16 aggregation at fodd, and in 1 
during bathing. Thus a smaller proportion of 
encounters was caused by nervous movement— 
55 per cent. as compared with 92 per cent. 
for both inexperienced males and females, 
a greater role being played by aggregation at 
food or water. The general behaviour of these 
birds was also quite relaxed, but there was still 
no sign of seeking for fights. Thus it seems safe 
to conclude that such a tendency was also 
absent from the inexperienced birds, and not 
merely inhibited by nervousness. The ex- 
periments also show clearly that the response 
to proximity of avoidance or aggression is not 
acquired by social conditioning, but appears 
at a Chaffinch’s first encounter with its kind. 


Seeking for Fights by Experienced Birds 

Two flocks of four (No. 1) and eight birds 
(No. 2), half males, half females, were provided 
with two dishes of food on opposite sides of a 
large aviary, 2.5 x 3 x 9 m. The dish preferred 
by each bird was found by observing the choice 
made when both were unoccupied. A tendency 
to seek out fights should be revealed by com- 
paring the choice made when one dish was 
occupied by another bird. Since the flocks 
were organised in a_ peck-right hierarchy, 
account need only be taken of the subordinates 
of each individual. 

Table I shows the normal preferences of each 
bird in flock 1, expressed as a ratio of visits to 
left: visits to right dish. Below are the prefer- 
ences of all subordinates, expressed as a total 
in the same way. At the bottom are the choices 
made by each bird when one dish was occupied 
by a subordinate. In the absence of seeking for 


Table I. Choices of Food Dish in Flock 1 in which B and O are Males,W and Y Females, in that Order of Status. Left 
right columns refer to visits to two food dishes at opposite sides of the aviary. 
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fights the top and bottom figures should b& 
similar, whatever the preference of subordinate 
When it occurs, the bottom figure should & 
biased towards the preference of subordinate 
as clearly occurs in O and W. 
The bias could also be caused by a tendeng 
to feed with others. However, positive result 
were obtained in both flocks mainly betweer§ 
close ranking birds and it was often cles 
that only fighting behaviour was involved™™ 
One bird would attack another at the food 
without itself feeding, sometimes pursuing 
it to the other dish or to another part of thé 
aviary. This behaviour was often shown b 
birds that had just been attacked by a dominan 
For B the results are inconclusive, since the 
total preference of subordinates was simila 
to its own. But observation suggested that thi 
bird, the despot, did not seek out fights in the 
manner of the two middle ranking birds. 
In flock 2 similar results were obtained. The 
seeking of fights was most marked betwe 
close ranking pairs, especially when there wert 
signs of unstable status. 
This apparently spontaneous seeking fo 
fights in some experienced captive birds con 
trasts with the results for inexperienced bird 
and with observation on wild, and most avian 
birds. The difference is elucidated by mong‘ 
detailed consideration of how this behaviow 
may arise. 
Effects of Strong External Stimulation 
A false impression that birds are seeking 
fights is sometimes given by attacks from 


distance resulting from considerable individua 
distance towards certain other individuaks 


B oO WwW ¥ 

left right | left right | left right | left 

(a) Choice of dishes with both unoccupied 17 7 42 12 44 16 36 
Ratio left: right 2-4 3°5 2:7 1-6 

(6) Corresponding choice of all subordinates 122 50 80 38 36 az a 
Ratio left: right 25 1:5 


(c) Choice of dish by 
unoccupied 


Ratio left: right 
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This is most obvious with strangers. Chaffinches, 
like Chickens, and many other species, attack 
strange individuals repeatedly, and at a greater 
distance than familiar birds (review in Collias, 
1944). In very close-knit communities of some 
species this may be the only occasion when 
individual distance behaviour appears (Collias, 


11944), Chaffinches in aggressive posture are also 


attacked at a greater distance than normal, 
which probably explains the interference by the 
despot in fights between subordinates (for other 
species see Nice, 1943). 

The effects of strangeness are much less likely 
to appear in the variable and rather loosely 
integrated flocks of wild Chaffinches. 


Effects of Immediately Previous Fighting 
Experience 

Apart from the effect of strong external 
stimuli the seeking out of fights by captive 
birds could usually be interpreted as a form of 
“redirection activity’ (Bastock, Morris & 
Moynihan, 1953). Once aggressiveness is aroused 
by fighting, as in Yellow Buntings (Andrew, 
in press) it may be turned towards a new 
opponent. This is especially evident in a peck- 
right hierarchy, when aggressiveness arising in 
subordinates only finds expression by passing-on 
of attack down the hierarchy. This is common 


in captive Chaffinch flocks, and for example in 


Gallus domesticus, Pipilo maculatus, Rhesus 
macaques, Parus caeruleus (Schjelderup-Ebbe, 
1935; Tompkins, 1933; Maslow, 1936; Col- 
quhoun, 1942). The despot generally lacks 
provocation for such redirected aggression 


‘mand, as with chickens (Schjelderup-Ebbe, 1935), 


showed no tendency to persecute subordinates 
in many captive Chaffinch flocks. 

Slightly different is the extreme pugnacity 
of an uncertain despot, whose dominance is for 
Some reason not completely confident. Such 
birds may repeatedly attack subordinates, like 
he female Corvus monedula when she first takes 
he high status of her mate (Lorenz, 1938), 
and the aggressiveness of close-ranking in- 
dividuals of many species, especially before a 


Mise in status occurs (e.g. Serinus canarius, 


mShoemaker, 1939). The aggressiveness of hens 


that simultaneously had high rank in one flock 


@and low rank in another may have a similar 


oot (Douglis, 1948). 

Seeking-out of opponents shown in these 
ircumstances is clearly associated with im- 
nediately previous experience, and the effect 
is often a short term one. For example a beta 


Chicken or Monkey that persecutes subordinates 
may become a benevolent despot if the alpha 
animal is removed (Schjelderup-Ebbe, 1935; 
Maslow, 1936). 

Wild Chaffinches almost certainly lack the 
peck-right hierarchy of captive birds, and will 
not have this provocation to seek out fights, 
though it occurs in Tits flocks, which have a 
social hierarchy (Colquhoun, 1942; Hinde, 
in litt.). 


Associations Between Fighting and Other 
Activities 

General observation suggests that the associ- 
ation between fighting and other activities of 
Yellow Buntings (Andrew, in press) and 
Chaffinches in winter is only incidental, arising 
because they bring the birds into proximity. 
There is also experimental evidence for this 
(Marler, 1955-6). For example the distance at 
which feeding male Chaffinches attack each 
other is not affected by starving them before- 
hand. Fighting over food seems to have similar 
parameters to fighting over perches, and there 
is no need to postulate, at any rate for winter 
birds, several “sub-instincts of fighting, each 
forming part of one of the major instincts,” 
as put forward for the Three-spined Stickleback 
(Tinbergen, 1951) and the Great Tit (Hinde, 
1952, 1953). 

A more radical association than that mediated 
by proximity sometimes seems to arise between 
fighting and other activities as a result of 
learning. In experiments involving fighting for 
food after starvation, one aggressive male 
Chaffinch, whose position in the hierarchy was 
unstable, was strongly persecuted. He developed 
the habit of making infrequent visits to the 
food remaining there longer than normal, and 
defending himself violently against all who 
approached. For some weeks after the experi- 
ment, as this male became hungry, he showed 
aggressive postures and attacked others at 
considerable distances. An association seemed 
to be established between fighting and internal 
stimuli related to feeding, though the possibil- 
ity of conditioning to external stimuli cannot 
be excluded. 

In a pair of Siskins, Spinus spinus, kept at 
freedom in a large room, the individual distance 
was 10-15 cm., and when first taken into cap- 
tivity, fighting only occurred when this distance 
was violated. They were occasionally given 
specially attractive food by hand. Since the 
individual distance did not permit both to feed 
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together, there was always considerable fighting, 
there being no fixed dominance relations. After 
a few weeks, exposure of the food container 
provoked them to seek each other out for 
violent attack, from considerable distances. An 
association was established between fighting 
and an external stimulus normally associated 
with feeding. 

Effects of experience on the factors evoking 
fighting are well known in other animals. 
Male mice, and also females which do not 
normally show aggressive behaviour, can be 
induced to fight over food when they are hungry. 
Subsequently they will fight over food when 
satiated (review in Scott & Frederickson, 1951). 
Pre-puberally castrated males hardly fight at 
all, unless injected with testosterone. Castration 
after the males have had fighting experience has 
little effect (Beeman, 1947). 


Conclusions on Seeking for Fights in Winter 


Chaffinches and Yellow Buntings (Andrew, 
in press) do not show an innate tendency to seek 
fights, in the manner in which, for example, 
they seek for nest material in the breeding 
season. The first stage of spontaneous appetitive 
behaviour appears to be lacking, in which the 
animal is “looking for’ external stimuli (Hinde, 
1954) that release further forms of appetitive 
and consummatory behaviour. It is rather by 
incidental contact with aggressive stimuli that 
fighting begins. In rare cases, probably only in 
aviary conditions, an association with another 
activity seems to arise by learning. Apart from 
this the seeking out of fights can be shown to 
be a result of external aggressive stimulation 
in the near past, the conditions for which are 
probably also largely confined to captive birds, 
though they may occur in the wild in species 
with a social hierarchy, such as titmice (Col- 
quhoun, 1942; Hinde, in litt.). 

Although these conclusions are only asserted 
with confidence for the Yellow Bunting (Andrew, 
in press) and the Chaffinch, observations of 
Siskins, and other Cardueline and Fringilline 
finches suggests that similar principles apply. 
Frustration—Aggression 

The thesis that aggression is intimately 
linked with frustration has wide currency in 
human psychology (Dollard, et al., 1939; 
Miller, 1941; Jackson, 1954). Frustration is 
defined as “interference with the occurrence 
of an instigated goal response at its proper time 
in the behaviour sequence.” The link with 
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aggression may be innate or learned. It 
even been suggested that all aggression is 
result of such frustration. 

Experiments have been conducted to demon 
strate it with many animals, mainly by starva 
tion, and fighting during subsequent competitio 
for food (see review in Seward, 1945). Howeve 
the effects may often be caused by extern: 
aggressive stimuli induced by the experimentd 
situation, rather than by any quantitative effeg 
on aggressiveness. In starved mice many figh 
were caused by the nudging and sniffing whe 
the mice came together (Ginsburg & Alle 
1942). Seward (1945) had the impression thi 
physical pressure between rats was more im 
portant than competition for food in precipita 
ing fights. The food hole was a factor chief 
by promoting close contact. The increase 
fighting among pigeons at feeding time ma 
have a similar explanation (Masure & Alle 
1942). The increased frequency of food fightin 
among starved Chaffinches is caused in thi 
way. The individual distance remains un 
changed. The reduced fear of subordinate 
modifies their usual reluctance to approach clos 
to dominants, and thus causes more frequen 
fighting (Marler, 1955-6; and see Collias, 1944) 
A similar effect in Yellow Buntings may hav 
resulted partly from increased activity, thu 
causing more frequent violation of individug 
distance, which was not itself affected (Andrey 
in press). Aggression may in a sense be cor 
nected with frustration in the kind of learne 
association described in the previous sectiot 
But otherwise in the experimental situation 
designed to test it, it seems generally to be cause 
by an increased frequency of stimuli for aggre 
ion such as, in rats and mice, proximity of 
strange individual, physical contact or pai 
(Seward, 1945; Scott & Frederickson, 1951). 

The hypothesis that “‘all aggression is cause 
by frustration” (Dollard, et al., 1939) is clear 
unfounded. It may be that aggression is neve 
caused by frustration, except in a few highe 
animals, with more complex learning or pet 
ceptual capacities (Seward, 1945). 


Effects of Other Activities on Fighting Success 


Distinct from the question whether tendencie 
to other activities lead an animal into fighting 
is the effect they may have on fighting succe 
In animals like the Chaffinch, with a strict peck 
right hierarchy, there is no effect among a 
quainted birds. In the absence of fixed domin 
ance, however, there may be a clear relationship 
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as observed in a pair of Siskins. After different 
starvation periods, the hungrier bird always 
drove the other from the food dish and defended 
it. As it became satiated it gave way to the 
other. Starved rats dominate satiated ones at 
food, and the thirstiest rats are dominant at 
water (Bruce, 1941). A similar result was 
obtained with Chimpanzees, even within a 
dominance hierarchy (Nowlis, 1941). In a flock 
of Yellow Buntings, one bird became dominant 
near a warm electric lamp while drying its 
feathers after bathing (Andrew, in press). 

Thus an animal which for any reason has a 
stronger tendency than its opponent to ap- 
proach and remain at a particular place is 
likely to win fights there. The aggressiveness 
itself can be related to the usual violation of 
individual distance, the success depending on the 
reduced readiness to flee. 

When equally hungry animals are fighting 
over food, the one in possession often has the 
best chance of success. This occurs in rats 
and chimpanzees (Bruce, 1941; Nowlis, 1942; 
Seward, 1945) and has been observed in Siskins. 
Presented with food after starvation, the first 
to gain possession was able to defend it success- 
fully for a considerable period. This advantage 
appears to be connected with the division of 
the approaching animal’s attention between 
attack and obtaining possession of the food 
(Seward, 1945), though it’s normal reluctance 
to enter an aggressive situation may also play a 
part. 


Seeking for Territorial Fights 

Previous sections have dealt with fighting 
between birds in non-reproductive condition. 
In the breeding season a territory is defended 
from Chaffinches of the same sex. The territory 
may be regarded as an “enlarged individual 


distance’ which is fixed in space (Conder, - 


1949; Marler, 1955-6). As in winter fighting, 
field observations did not reveal searching for 
fighting within the territory that could readily 
be identified as such, except in parts of it where 
fighting had occurred in the immediate past 
such as a contested boundary. Here aggressive 
postures occur in the absence of a rival, as the 
bird passes through while appearing to search 
for intruders. Song in such areas may be accom- 
panied by aggressive postures. When the 
boundary becomes firmly established this ob- 
vious aggressive behaviour ceases. 

“Searching for reproductive rivals” has been 
described in territorial Great Tits, consisting of 


“flying about the territory, perching on song 
posts in a sleeked, alert attitude, etc.” (Hinde, 
1953). This may correspond to the behaviour of 
Chaffinches, described above. There is also a 
spontaneous general patrolling of the territory 
by Chaffinches and many other species, often 
occurring as the bird sings. The identification 
of this patrolling as aggressive appetitive be- 
haviour presents many difficulties. The bird may 
be searching for other things such as birds of 
the opposite sex or predators. It may become 
less common after pairing, implying a strong 
sexual element. Readiness to attack a rival 
when encountered may be unaffected by pairing. 
The most fundamental criterion for categorizing 
appetitive behaviour lies in identification of 
“the stimuli to which the animal is particularly 
responsive” (Hinde, in press). Until these 
have been verified for general territorial patrol- 
ling, it cannot be unequivocally identified as 
appetitive behaviour for aggression. If it is 
verified as such, the strong element of learning 
involved in the development of territorial de- 
fence (e.g. in the Great Tit, Hinde, 1952) may 
place patrolling on a par with the searching for 
fights that sometimes develops by learning in 
winter. The animal searches for rivals because 
it has learned to expect them either at particular 
places (i.e. with certain external stimuli), as 
clearly applies to Chaffinches in _ recently- 
contested areas, or during certain activities, 
such as singing, or patrolling for some other 
reason (i.e. possibly with certain internal stimuli). 
Thus it may be that, as in winter, there is no 
innate tendency to seek fights within the territ- 
ory, though it may arise by learning. 

Territorial behaviour results from a rise in 
androgen level in the Chaffinch (Collard & 
Grevendal, 1942), and many other species 
(review in Collias, 1950). If the conclusions 
of this section are correct, the effect of androgens 
on aggressiveness first appears not as a tendency 
to seek fights, but as an increased sensitivity 
to certain external stimuli, the apparently 
spontaneous appetitive behaviour being a 
secondary phenomenon arising by learning. 
Individual Variations in Aggressiveness 

Inherited differences in aggressiveness occur 
in mice (Scott, 1942; Ginsburg & Allee, 1942) 
and rats (Billingslea, 1941; Hall & Klein, 1942). 
The part played by inheritance in the individual 
differences in Chaffinches is not known (Marler, 
1955-6). Variations of this type also appear 
to be manifest as changes in the sensitivity to 
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the external stimuli for aggression, not in the 
tendency to seek out fights. 

The variations may be mediated by differences 
in endocrine balance. The differences in aggress- 
iveness between the sexes, and between adults 
and juveniles often results in this way (Collias, 
1950). However it is dangerous to generalise. 
The apparently greater aggressiveness of male 
Chaffinches in winter is at least partly connected 
with sexual dimorphism. The male red breast 
evokes aggression at a greater distance than the 
fawn breast of a female. Females disguised with 
a red breast fight among themselves just like 
the males, and also dominate normal females 
in typical male fashion (Marler, 1955-6). 


Suspension of Fighting in Potential Aggressive 
Situations 

In certain circumstances the chances of 
fighting in potential aggressive situations may 
be reduced or even eliminated. One method is by 
minimising the stimuli for aggression, which 
include aggressive and escape behaviour, and 
general movement. Position ahead, and direct 
visual fixation also increase the chance of 
attack. In the so called “‘submissive’’ posture 
these stimuli are reduced to a minimum. All 
components of the posture contrast with those of 
aggression and escape. Movement is reduced, 
and becomes slow and restrained. The bird 
avoids standing ahead of the potential aggressor, 
often carefully moving out of the direct line of 
view whenever it turns, and its manner of gaze 
is “‘shifty’’ and wandering. The male red breast 
is another stimulus for aggression, and some of 
this behaviour may be concerned with conceal- 
ing it from the opponent. With such behaviour 
a Chaffinch can safely approach much closer to 
another than without it. 

Similar examples occur in the submissive or 
appeasement behaviour of many animals. Rats 
avoid all movements (Seward, 1945). Jackdaws 
and wolves turn away their aggressive weapons, 
the bill and the teeth (Lorenz, 953), and Black- 
headed Gulls turn away the beak and face mask, 
which are probably stimuli for attack (Tin- 
bergen & Moynihan, 1952). 

Submissive and appeasement behaviour may 
pass the stage of achieving its effect by simply 
minimising aggressive stimuli, evolving into 
signals which actively inhibit aggressiveness. 
There are already signs of this in the behaviour 
of the Chaffinches and other species described 
above. It becomes more prominent in such 
appeasement displays as the crest raising of the 


Black-crowned Night Heron (Lorenz, 1938 
the pain scream of submissive chickens (Schje' 
derup-Ebbe, 1935) and the squeak of submissive! 
mice (Scott & Frederickson, 1952) which do no 
simply serve to minimise aggressive stimuli. 

The chances of fighting may be reduced ir 
another manner. A subordinate Linnet, Car 
duelis cannabina, for example may be able te 
get close to a dominant with food if it ap 
proaches gradually, pecking at twigs and soil 
as though they were seed, than by a direc 
approach. The use of “‘comfort activities” such 
as beak wiping or preening may have a simila 
effect. Such movements are often desultory ani 
incomplete. They probably achieve their effe 
by suggesting a certain relaxedness in th 
approaching bird, contrasting with the tension 
to be seen if it intends to make an attack. This 
behaviour may consist essentially in the minimi 
ation of learned stimuli by which aggressior 
may be anticipated. 

A third method is to evoke in the other some 
activity incompatible with fighting, such 4a 
mutual grooming or preening, copulation, 
the passing of food. The latter is very commot 
in birds, as courtship feeding (review in Lac 
1940). Submissive rats and chimpanzees maj 
divert another from fighting by grooming its 
fur (Crawford, 1942; Seward, 1945), whil 
Baboons and Macaques of either set 
achieve this by soliciting for copulation (Zucker! 
man, 1932; Maslow & Flauzbaum, 1936) 
Like the previous group, these may also becom 
modified during evolution. Courtship feedin 
for example may become a symbolic touchin: 
of beaks, without the passing of food (Lack, 
1940). 

Similarly fighting may be temporarily sus 
pended if both rivals have a strong tendency 
to an activity incompatible with fighting. This 
is most obvious when both are very afraid 
Yellow Buntings (Andrew, in press) and 
Chaffinches scared by a hawk may alight very 
close together and remain so without fighting 
until their fear wanes. Then they move apart 
without aggressive display. This temporary 
inhibition of aggressiveness by an escape tend- 
ency is of course what normally occurs in the 
loser of a fight, but in this case its affects both 
combatants. A strong tendency to feed may 
inhibit aggression in less pugnacious species 
such as rats (Seward, 1945), Corn Buntings, 
Emberiza calandra (Andrew, in press), and 
sometimes in such birds as Tufted Ducks, 
Athya fuliginosa, and Black-headed Gulls, 
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Larus ridibundus (Conder, 1949; Crook, 1953). 
A strong tendency to roost or to seek warmth 


‘yammay counteract a normal intolerance of prox- 
Mimity, as in Wrens, Troglodytes troglodytes 


(Armstrong, 1955). 

Finally, fighting may be suspended among 
Chaffinches and other birds crowded into close 
proximity for a period (Collias, 1944). This 
may be regarded as a form of habituation 


wm(Thorpe, 1951), occurring because the aggressive 
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response to continual stimulation by proximity 
never achieves free space round the individual. 


Consummatory Behaviour in Fighting 


It has been assumed that the consummatory 
act (defined as ‘‘an act which constitutes the 
termination of a given instinctive pattern or 
sequence”’, Thorpe, 1951) in fighting, is attacking 
the opponent (Tinbergen, 1951, 1954). Though 
quantitative studies have not been made, the 
evidence suggests that the consummation of 
fighting in the Chaffinch, Yellow Bunting and 
other species is to be found rather in the achieve- 
ment of a situation (Thorpe, 1954; Andrew, in 
press). Fighting, like fleeing, tends to continue 
until the stimuli for it are removed (Craig, 1928), 
and the movements used are consummatory 
only in the sense that they help to achieve this. 
A similar condition may occur in other activities, 
such as incubation (Bastock, Morris & Moyni- 
han, 1953), feeding or drinking, where it is 
“the perception of the appropriate stimuli,” 
rather than the performance of particular move- 
ments, that is important in reducing the motiva- 
tion to further activity (see review in Hinde, 
1954). Although in fighting it is more obviously 
the cessation of the motivating stimuli that is 
responsible, there are many similarities. 

The range of movements used to achieve this 
is very wide, including for example in Chaff- 
inches, looking intently at the opponent, flirting 
of wings, hopping or flying towards him, 
swooping or flying noisily at or around him or 
across his path, displaying with a variety of 
aggressive postures, making pecking move- 
ments, striking with the beak, feet or wings, as 
well as calling, singing or snapping the beak. 
All may serve to terminate a particular aggress- 
ive sequence by causing the opponent to flee. 

The cessation of aggressive stimuli is generally 
achieved by driving the opponent away by 
movements of this kind, exceptionally by killing 
him, or alternatively by fleeing from him. In 
winter fighting, fleeing removes the defended 
area—individual distance—from the opponent. 


The same may be achieved with certain territ- 
ories. A territory centred on the female may 
be moved by leading her away, but with a fixed 
territory, fleeing may involve relinquishing part or 
the whole of it. Otherwise fighting generally con- 
tinues in the presence of the provoking stimuli 
until the consummatory situation is achieved, 
with the exceptions noted in the previous section. 


Conclusions 


In contrast with other activities, such as sexual, 
parental or feeding behaviour, it is not usual 
for spontaneous appetitive behaviour for fighting 
to occur among Chaffinches in winter. Nor can 
it be definitely demonstrated in summer, except 
in recently contested areas. Searching for fights 
seems to occur as a result of learning, or in an 
aggressive mood aroused by immediately pre- 
vious experience. The same applies to the 
Yellow Bunting (Andrew, in press) and may be 
found to hold for other species. Thus there is 
nothing in the literature that suggests innate 
searching behaviour for aggression in rats and 
mice (Seward, 1945; Scott & Frederickson, 
1951, etc.). 

This particular organisation of fighting be- 
haviour appears adaptive when considered in 
relation to its function. Fighting is fundamentally 
a means of competing more efficiently for some- 
thing in short supply, such as food, mates, nests 
or space. Unlike other instinctive activities 
such as eating or copulation, fighting behaviour 
is at best a waste of time, and at worst a danger- 
ous and dysgenic activity, unless some external 
commodity is gained by it. An innate tendency 
to seek fights might thus have hazardous conse- 
quences. However, certain external stimuli are 
likely to be present in most or all competitive 
situations. The danger of wasteful fighting may 
be avoided by confining it in inexperienced 
animals to these external stimuli. Searching for 
fights may develop subsequently by learning, if 
the animal gains some reward by it. 

As Wallace Craig (1928) has said, “‘Funda- 
mentally among animals fighting is not sought 
nor valued for its own sake: it is resorted to 
rather as a means of defending the agent’s 
interest.” “‘Even when an animal does fight he 
aims not to destroy the enemy, but only to get 
rid of his presence and interference.” 


Summary 
1. There is no evidence that captive Chaff- 
inches in winter seek fights when meeting their 
kind for the first time. 
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2. Birds in captive flocks may-seek fights: 
wild birds do not. 

3. It is concluded that Chaffinches have no 
innate, spontaneous appetitive behaviour for 
fighting in winter. When they seek fights, it 
can be related either to an aggressive mood 
aroused by external stimuli in the immediate 
past, or to a learned association between 
fighting and other activities. 

4. There is no evidence that Chaffinches have 
several “‘sub-instincts” for winter fighting, each 
“subordinated to another major instinct.” The 
association with other activities is incidental, 
arising because they bring birds into proximity 
(see text for full definition), except when a 
learned association develops. 

5. Aggression in so-called “frustrating” situ- 
ations is often caused by the increased frequency 
of external stimuli for aggression. The hypo- 
thesis that all aggression is caused by frustration 
is clearly unfounded. 

6. In Chaffinches, Yellow Buntings and some 
other animals, tendencies to other activities 
than fighting readily have an effect on fighting 
success by suppressing fear, not by increasing 
aggressiveness. 

7. Innate searching for fights in the territorial 
behaviour of birds is not proved. It occurs 
in Chaffinches in recently-contested areas, but 
otherwise, general patrolling cannot yet be 
certainly identified as searching for fights. 
If it proves to be so, it may be learned rather 
than innate, as in winter. 

8. The ways are reviewed by which fighting 
is avoided in potential aggressive situations— 
i.e. in the presence of potential external stimuli 
for fighting. 

9. Fighting generally has a consummatory 
situation, the achievement by a great variety 
of acts of a certain area of free space, centred 
on the individual or, in territorial behaviour, 
on external objects. 

10. Complete agreement is reached with 
Wallace Craig’s conclusion that “fighting is 
not sought for its own sake” but “is resorted 
to as a means of defending the agent’s interests.” 
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BOOK REVIEWS 


Mammals of the World. By FRANCOIS BOURLIERE. 
London: Harrap. 1955. 60s. 


Although at first glance this appears to be a 
“picture book” it is in fact an outstanding 
contribution to the meagre collection of reliable 
non-specialist works on mammals available to 
the general readers. The author is an enthusiast 
whose ability to describe and depict mammalian 
biology may do much to secure popular interest 
in the group, and the profuse illustrations 
almost disguise the fact that there is a sub- 
stantial text. It has been stated that the public- 
ation of various books at about the turn of the 
century was largely instrumental in popular- 
izing bird studies, and that in the absence of 
corresponding works on mammals there can 
never be a comparable following. Mammals 
are, on the whole, regarded as very much more 
difficult to observe than are birds, but even so 
their study would be made much easier by satis- 
factory works of reference and by more general 
works of this nature. 

Bourliére has attempted to describe the lives 
and habits of the world’s mammalian fauna as a 
whole. As such his approach is essentially 
broad and, in a specialist sense, there must be 
many details capable of alternative description, 
and, perhaps, interpretation. On matters relevant 
to its main theme the book appears, however, 
to be remarkably free from blemishes, and 
certainly it avoids the awful errors perpetrated 
in another text recently made available to the 
general public. It can be recommended with 
confidence to all who may wish to learn more of 
the mammalian life and the photographs alone, 
the majority taken outside the confines of 
captivity, almost justify the purchase price. 
They justify also the merits of “hunting with 
the camera.” A.N.W. 


Annual Review of Psychology. Vol. VII. London: 
H. K. Lewis. 1956. Pp. 448. 60s. 


The present volume of this review of recent 
work maintains the tradition of its predecessors. 
In so many fields of science it is now quite 
impossible to read all the relevant journals and 
books in every language. This adds to the value 
of a system of Annual Reviews, each topic 
dealt with by an expert, who is not trying to be 
brilliant or original, but to summarize and refer 
to important recent work in his own field. We 
find, for instance, that Lindsley gives us in just 


over 20 pages a very good review of recent 
Physiological Psychology—with 115 references 
for anyone who wants to go into the details of 
any piece of work. 

The other chapters are Learning (Estes), 
Personality (McClelland), Social Psychology 
and Group Processes (French), Abnormalities 
of Behaviour (Schofield), Clinical Methods: 
Psychotherapy (Harris), Counseling (Shoben), 
Assessment of Individual Differences (Cron- 
bach), Industrial Psychology (Kendall), Statis-® 
tical Theory and Research Design (Moses), 
Child Psychology (Baldwin), Educational 
Psychology (Tyler), Comparative Psychology 
(Hess), Gerontology (Later Maturity) (Lorge), 
Vision (Mueller & Berger) and Taste and Smell 
(Pfaffmann). 

Probably those of greatest interest to readers 
of this Journal will be the ones on Learning, 
Comparative Psychology and Physiological 
Psychology, but the others are equally good 
summaries of work in the fields with which they 
deal. G.C.G. 


Studies on Great Crested Grebes. By K. E. L. 
Simmons. 1955. Reprinted from The Avi- 
cultural Magazine, Vol. 61. 


This field life history study of Podiceps 
cristatus, previously published in successive 
numbers of the Avicultural Magazine, is now 
available in book form. R.A.H. 


Horse Psychology. By MoyrRa WILLIAMS. Lon- 
don: Methuen. 1946. Pp. 210, illustrated. 16s. 


According to the jacket this book was written 
“principally to help the many horse-lovers . . . 
whose good intentions are often nullified by 
ignorance”; sprightly line drawings would be 
irresistable bait. It was a tall order to present 
the findings of the animal behaviour and general 
psychological literature to such an audience in 
less than 200 pages and it is therefore not sur- 
prising that the specialist reader (also admon- 
ished to browse) is often left with the sensation 
of being presented with the wrong end of a 
non-existent stick. However, the author’s ob- 
jective reporting of first-hand observations on 
her own horses displays a shrewd common 
sense and sound horse knowledge in spite of her 
psychological studies, and even throws some 
light on interesting questions already engaging 
the attention of ethologists. E.M.B. 
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Control of Rats and Mice, Vols. I and II. Rats. 
Edited by Dennis Cutty. London: Oxford 
University Press. 1954. Pp. xviii + 532. 105s. 
Vol. Ill. House Mice. Edited by H. N. 
SOUTHERN. London: Oxford University Press. 
1954. Pp. xiv + 225. 105s. 


The delay in the appearance of these results 
of the war-time research undertaken by the 
Bureau of Animal Population has been so great 
that many must have wondered whether they 
were to be published in book form after all. 
The reasons for the delay are set out in the 
preface, from which it would appear that the 
work is now only about one-third of the length 
of the original, drafted mainly in 1946-47. 


It is difficult to escape the conclusion that 
the somewhat ruthless editorial policy that 
became necessary has not in fact improved the 
readibility and therefore the value of the 
work, which is indispensible to all serious stu- 
dents of rodent control and contains no fewer 
than 8 chapters—in addition to much material 
elsewhere—devoted primarily to behaviour 
studies. Although certain aspects of the studies 
on rat behaviour have already appeared in 
The British Journal of Animal Behaviour in 
papers by Harry V. Thompson and Julian 
Rzoska, there is an abundance of other material 
which should be read by behaviourists but is 
far too extensive to be reviewed in the space 
available. The gratitude that is expressed in 
the preface to the Delegates of the Clarendon 
Press and to an anonymous donor of £2,000 
will be widely felt. One cannot but wonder why 
it is that financial responsibility for research 
is so often dropped before the writing up of the 
results has been completed. 

A.N.W. 


Some Aspects of Reproductive Behaviour in the 
Black-headed Gull (Larus ridibundus ridibundus 
L.) and Related Species. By M. MOYNIHAN. 
Behaviour, Supplement No. 4. Leiden: Brill. 
1955. Pp. 201, 28 figures, 10 photographs, 
2 diagrams and 11 tables. 27 guilders. 


This detailed paper is part of the programme 
of comparative Larid behaviour study in- 
itiated by Dr. N. Tinbergen. It is based on field 
observations of the Black-headed Gull made at 
Scolthead Island, Scoulton Mere and Raven- 
glass, and deals primarily with agonistic and 
sexual behaviour. 


With regard to the former, while some patterns 
seem to be the result of a tendency either to 
attack or to escape, the more complex appear 
when both attack and escape drives are acti- 
vated simultaneously. These comprise both 
aerial and non-aerial patterns. With qualitative 
and quantitative analyses which will set the 
pattern for future work, the author shows that 
each of the ground displays are associated with 
different strengths and relative strengths of the 
attack and fleeing drives. Functional and 
evolutionary aspects of the agonistic displays 
are also discussed. 

The various patterns involved in pair form- 
ation and copulation are then described in 
detail. Male and female at first show mutual 
hostility, but this is redirected and later sup- 
pressed as a result of the displays. With the 
decline in hostility various patterns not present 
in the earlier stages (e.g. food-begging) appear, 
and these lead eventually to copulation attempts. 

The second part of the paper consists of a 
general review of threat, appeasement and 
pairing behaviour in the different Larid groups. 
This is based partly on the literature and partly 
on personal observations. Amongst the species 
treated in some detail are L. argentatus, L. 
atricilla, L. novae-hollandiae and L. minutus, but 
many other species are also discussed. These 
comparisons permit some general conclusions 
about the displays. 

This paper is an excellent demonstration of 
what can be achieved by detailed field observa- 
tion and the application of the comparative 
method of behaviour. 

R.A.H. 


Love Life of the Birds. By C. S. ANDRADE. 
Cambridge: Heffer. 1952. Pp. 194, 24 coloured 
plates. 63s. 


This book contains some excellent paintings 
by Axel Amuchastegui. The character of the 
text is clearly implied by the statement on the 
dust cover, according to which it “covers the 
cycle which is initiated with the acquisition 
of the plumage of courtship and which ends 
when the pair become one after the male has 
sounded his mating call, beaten off rival suitors, 
danced with his beloved and brought her gifts, 
sung her love songs.” It is also said to combine 
“sober science with lyric prose.” The latter 
predominates, 

R.A.H, 
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Zeitschrift fur 
Tierpsychologie 


JOURNAL OF ANIMAL PSYCHOLOGY 


Edited with the co-operation of leading 
specialists by Professor Dr. O. KOEHLER, 
Freiburg, Breisgau, and Professor Dr. K. 
LORENZ, Schloss Buldern u. Dulmen/W. 


In addition to this journal, which always 
contains original papers drawn from 
the whole field of comparative be- 
haviour researches (ecology), we 
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Introduction 


In a honeybee community transmission of 
Mifood occurs between adult workers, and workers 
also feed the larvae, drones and the queen (see 
review by Ribbands, 1953). 
Nixon & Ribbands (1952) showed that a 
small quantity of food collected by foragers 
Gican become widely distributed amongst the 
i@members of a colony within a few hours. In 
Mithe present investigation, further information 
fon the distribution of food throughout a colony 
i@mhas been obtained by recording the passage of 
food between marked workers of known ages. 
A study has also been made of the behaviour 
ipatterns associated -with the transmission of 
§ @food, and an attempt made to discover some of 
the factors which determine whether at any 
Magiven time a bee gives or receives food. 


=Observations on the Behaviour Patterns Associated 
with Food Transmission 


Food transmission between two worker bees 
starts by one of them either begging for or 
offering food to the other. A bee who offers 


THE TRANSMISSION OF FOOD BETWEEN WORKER HONEYBEES 


By J. B. FREE 
Bee Department, Rothamsted Experimental Station 


food opens her mandibles, pushes forward the 
proximal part of her tongue and regurgitates 
a drop of fluid between her mouth-parts. 
When a bee begs for food she thrusts the tip 
of her tongue towards the mouth-parts of 
another bee. The stimuli which release these 
ose patterns were investigated by Free 
In order to study further the behaviour 
patterns associated with food transmission 5 
well-fed bees, each about ten days old, which 
had been kept in a cage since emergence, were 
placed in a small glass-covered arena and not 
supplied with food. They were observed for 
fifteen minutes in each hour for ten consecutive 
hours and records made of begging, offering and 
food transmission. The combined results of 
3 sets of observations are given in Table I. 
During the first two hours bees mostly offered 
food to each other, and in many cases the bees 
that had food offered to them responded by 
offering food in return. Occasionally when a 
bee was offered food she extended her tongue 
as though to accept it and then withdrew her 


Table I. Observations on the Behaviour Patterns of Bees which were Allowed to Starve 


Number of occasions different patterns were observed 
Hrs. in Bee offered Offering bee Food transferred Bee begged Begging Bee 
arena food offered to in turn for food — — in 
1 32 13 3 0 0 
2 22 8 3 0 0 
3 12 1 2 0 0 
+ A 0 12 7 0 
5 4 0 9 31 5 
6 0 0 9 37 5 
7 0 0 9 26 4 
8 0 0 4 15 7 
9 0 0 2 8 3 
10 0 0 0 1 0 
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tongue and offered food herself. On two occa- 
sions when bees had been offering food to each 
other for several seconds one of them ceased 
to offer food and instead accepted it from the 
other. It is apparent, therefore, that a bee who is 
offering food may stimulate other bees to accept 
it from her even when they are sufficiently well 
fed to offer food themselves. 

The greatest amount of actual food trans- 
mission occurred during the fourth hour of 
observation and this was followed by a period 
during which begging behaviour was the most 
frequent. A bee can probably be stimulated to 
give food even though by so doing she leaves 
herself short of it, since on several occasions 
a bee that had just given food was seen to beg 
for some immediately afterwards. 

During the last few hours of observation 
bees often extended their tongues towards other 
parts of bees’ bodies than their heads, and bees 
from whom food was begged often begged for 
it in their turn. Sometimes when a bee begged 
from another who responded in this way she 
immediately ceased to beg, although at other 
times she appeared to beg even more vigorously. 
In such cases one bee occasionally gave way and, 
opening her mandibles, allowed the other to 
insert the tip of her tongue between them. 
It is possible, therefore, that a bee who begs 
for food may force another to feed her. 

In other observations well-fed bees were 
placed, one at a time, in an arena containing 
starving bees. The well-fed bees always gave 

' food to the starving ones and ultimately begged 
for food themselves. On 5 of 28 occasions the 
bees introduced were further stimulated to give 
more food after they themselves had begged 
for it. 


NO. OF + 


The recorded number of feeds given an 
received by bees of different ages is shown in 
Fig. 1. Bees one day old hardly gave food at al 
[as also noted by Istomina-Tzvetkova, (1953)} 
and bees two days old did not give food a 
frequently as more mature bees. Until they wer 
twelve days old bees were generally fed mor} 
often than they gave food, but thereafter the 
opposite tended to be the case. No doubt som 
of these older bees had become foragers an¢ 
were observed whilst passing nectar which they 
had collected in the field to house bees. 
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Fig. 1. The number of feeds given and received by bes 
of different ages. 


The mean ages of marked bees who gave foot 
to and received food from workers of different 
ages are given in Fig. 2. As the bees becam 
older the mean age of the bees who fed them 
increased, as did the mean age of those bee 
they themselves fed. The mean age of the bee 
from whom workers received food was usually 
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Observations on the Transmission of Food within 
the Hive by Workers of Known Ages 


From 14th July to 18th August groups each 
of 100 worker bees, twenty-four hours old or 
less, were added daily to a colony in an obser- 
vation hive, the bees of each group being given 
paint marks to distinguish them from bees of 
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MEAN AGE OF BEES. (do 


other groups. Observations were made on 
fifteen days between the 2nd and 18th August. 
When a marked bee was seen to feed another 
her identity and that of the worker she fed, 
(if marked) were recorded. At the beginning of 
observations the oldest marked bee present was 
20 days of age, so that data collected for bees 
up to that age are numerically comparable, 


AGE OF BEES. (days) 
Fig. 2. The mean age of bees who gave food to and wh 
teceived food from workers of different ages. 
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greater than that of the bees to whom they gave 
food. There was thus a general tendency 
for food to pass from older bees, many of whom 
were foragers, to younger bees who were 
feeding the brood. 

In Fig. 3 the distribution of feeds which 
were observed between bees of different age 
groups is given. Although there was a tendency 
for bees to feed and to receive food from bees 
of about their own age, bees of all ages were 
fed by, and fed, bees of a wide range of ages; 
thus two-day old bees were seen to feed bees 
thirty days old and vice versa. 


The Amount of Food in the Honeystomachs of 
Bees who are Receiving and Giving Food in the 
Hive 
A colony housed in an observation hive was 
watched, and whenever a bee was seen to begin 
to give or to receive food she was immediately 
removed and the amount of food in her honey- 
stomach determined. In order that the results 
should not be affected by incoming food supplies 
the experiment was carried out on occasions 
when bees were not foraging. The results are 
given in Table II. 


Table II. The Amount of Food in the Honeystomach of Bees about to Give or Receive Food 
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Fig. 3. The distribution of feeds between bees of different ages. 


Although bees about to give food generally 
had more in their honeystomachs than those 
about to receive it there was a wide overlap in 
the weights of food in bees of the two groups. 
On the 7th September the honeystomach con- 
tents of bees who were offering and others who 
were begging for food were also weighed. The 
amount of food contained by bees who were 
begging for food and by those who were offering 
food varied from 0 to 38.0 mg. and 5.0 to 51.0 
mg. respectively. It was, therefore, apparent 
that the behaviour of the bees was not governed 
entirely by the amount of food in their honey- 
stomachs, and it was thought possible that the 
results may have been influenced by other factors 
such as the passage of ‘queen substance’ through 
the colony (Butler, 1954) and the occupation 
at which a given bee was engaged. 

Butler (1954) found that bees who had licked 
their queen, and thereby obtained queen sub- 
stance, offered food at least once within the next 
five minutes. On 13th, 14th and 15th October, 
1954, bees who were observed to lick their 
queen were immediately removed from the 
colony and dissected and other bees who were 
collected at random from the colony at the 
same time were also dissected (Table III). 


Bees about to give food 


Mean wt. (mg.) 
of food in 
honeystomach 


Date 


Bees about to receive food 
Mean wt. (mg.) 
No. of of food in Range No. of 
bees honeystomach bees 


7th & 8th 29°8 


Sept. 1954 


17th, 25th, 
26th, 27th, 
Feb. 1955 


22 
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Table III. A Comparison of the Honeystomach Contents of Bees observed to Lick their Queen and of Bees taken at Randon 


from the 


Bees observed to lick queen 


Bees taken at random from the colony 


Mean wt. (mg.) 
honeystomach 
contents 


Range 


Mean wt. (mg.) 
honeystomach 
contents 


No. of 


Range No. of 
bees 


| 13-5—73-5 
2-0—38-5 
2-5—510 
2-0—73°5 


38°5 
15-7 
20:0 
24:7 


58-4 23-5—73-0 

8-2 2-0—28-0 
13-5 1-5—58-5 
18 1-5—73-0 


bees 
6 
6 
6 


The amount of food contained by bees who 
had licked their queen was similar to that con- 
tained by bees taken at random from the hive, 
so it is apparent that the behaviour of bees 
who have recently obtained queen substance 
and offer food is not governed by the amount 
of food in their honeystomachs. 

An attempt was next made to determine 
whether the environment influences the amount 
of food a bee retains in her honeystomach. 

The results of Himmer (1926) and Lotmar 
(1939) indicate that little or no interchange 
of bees occurs between the outside and inside 
of a winter cluster. On 5 occasions during the 
early part of 1955 samples of 20 bees each were 
taken from the fringe and centre of winter 
clusters and the honeystomach contents of the 
bees weighed. The results are given in Table IV. 


Table IV. Mean (mg.) of Contents 


of Bees taken from the 


Centre of the Winter 


Date 


Samples from 
fringe of cluster 


Samples from 
centre of cluster 


8th Feb. 
Lith Feb. 
14th Feb. 

17th Feb. 
4th March 


21-9 5°5 
18-1 33 
10-8 
37-4 
19-3 1:8 


In each case bees on the outside contained 
more food than those on the inside. When, 
however, bees from the fringe and centre of a 
cluster were placed in cages and supplied with 
food the bees of both groups filled their honey- 
stomachs to a similar extent. It is, therefore, 


apparent, that the environment of a bee may 
determine to some extent the amount of food 
she contains. 


Observations on Food Transmission between Bees 
Removed from Their Hive 


In the next experiment the variation in the 
honeystomach contents of bees kept under the 
same conditions was investigated. Five hundred 
bees were taken from a hive and placed in a 
cage and well supplied with food. After twenty- 
four hours the feeder was removed from the 
cage, and 20 bees were examined every ninety 
minutes. The results are given in Table V. 


Table V. The Weight of Honeystomachs of Samples of 
Bees Removed at Intervals from a Cage in which no Food 
was Provided 


Hrs. after 
starvation Range (mg.) 
17-64 
10-54 


3-44 
1-42 
1-12 


Although the amount of food which the 
sample bees contained decreased steadily, there 
was at any one time a large variation between 
different bees. It was thought possible that little 
or no food exchange was taking place and that 
this accounted for the variation in the weight 
of honeystomach contents. In order to investi- 
gate this 22 distinctively marked bees were 
placed in a cage and supplied with food. The 
remaining food was removed after twenty-four 
hours and the bees individually weighed and 
returned to their cage once every ninety minutes. 
Only 9 of the bees decreased in weight steadily, 
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Table VI. The Relationship Between the Behaviour of Bees and the Amount of Food in their Honeystomachs 


Behaviour of bees 


Mean wt. (mg.) of 
honeystomach 
contents 


Range (mg.) No. of bees 


Offered in turn when food offered to them 


Begged for food 
Begged in turn when food begged from them 


13-6 
27:1 
23 
0-3 


21 
7 
23 
5 


thus suggesting that considerable food trans- 
mission was taking place. Therefore, even bees 
kept under the same conditions (and when food 
transmission is occurring between them) retain 
very different amounts of food in their honey- 
stomachs. 

Bees were taken from a hive and placed in a 
small arena. When a bee was seen to offer or 
beg for food she was dissected and her honey- 
stomachs content weighed. The results are 
given in Table VI. 

Although there was again a general cor- 
relation between the weight of a bee’s honey- 
stomach and her behaviour, individual bees 
showed considerable variation. 

The following experiments were carried 
out to determine whether there is a closer 
correlation between the honeystomach contents 
and behaviour of recently emerged, uncon- 
ditioned bees than is the case with bees taken at 
random from their colonies. In the first series 
of experiments bees were taken from a colony, 
distinctively marked, and placed in a cage 
supplied with plenty of food. After twenty-four 
hours they were placed, 5 at a time, in a small 
arena and the number of times each bee offered 
food during the next ten minutes were recorded. 
They were then immediately dissected and their 
honeystomach contents weighed. This experi- 
ment was repeated 16 times. In 14 similar ex- 
periments bees four days old, who had been 
kept in a cage together since emergence, were 
used. A significant correlation (P<0.001) was 
obtained between the number of times these 
bees, who had been kept in a uniform environ- 
ment since emergence, offered food and the 
amount of food they contained, whereas no 
such correlation was obtained with bees who 
were taken at random from their colonies. 


The Effect of Previous Experience on the Amount 
of Food Bees Retain in Their Honeystomachs 


In view of the results of the previous experi- 


ments, it seemed possible that the past ex- 
perience of a bee might govern the amount of 
food she contains when she offers or begs for 
food. The following experiments were under- 
taken to investigate this. 

The effect of previous starvation was first 
studied. Thirty bees were placed in each of 3 
cages and the bees treated as follows. Cage (A): 
the bees were first starved for 24 hours, then fed 
for 24 hours and dissected. Cage (B): the bees 
were fully fed for 48 hours and then dissected. 
Cage (C): the bees were fed for 24 hours (the 
same period for which the previously starved 
bees of cage (A) were fed) and then dissected. 
The mean weights of the food contained by 
bees in cages (A), (B) and (C) were 32.3, 14.1 
and 19.8 mg. respectively. Bees of cage (A) 
contained significantly more food than bees of 
cage (B) (P<0.001) and cage (C) (P<0.01). 
Previous starvation had, therefore, subsequently 
caused them to retain more food than the 
control bees. 

The next experiment was made to determine 
whether a constant and plentiful supply of food 
influences the amount of food which bees 
retain in their honeystomachs. Two hundred 
bees were placed in a cage (a) and 300 in another 
cage (b). Every day 20 bees were removed from 
cage (a) and their honeystomachs content 
weighed. The number of bees in this cage was 
made up to 200 again by adding 20 bees from 
cage (b). The results are given below (Table VII). 

The mean weights of the honeystomach 
contents of the sample of bees decreased during 
the experiment. At the end of the experiment 
(21st July) the bees in the cage were starved for 
twenty-four hours and then fed again. The 
mean weight of the honeystomach contents of 
the bees of a sample removed on 23rd July had 
risen to 26.5 mg. 

From the results of these experiments it may 
be concluded that the amount of food that bees 
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Contents of of Bees Removed from 
Table VII. Mean Weight of Honeystomach Pints of Heo Twenty Daily a Cage 


Date 


July 1955 


13 14 15 
Mean wt. (mg.) 24:5 22-6 22:0 


16 18 19 20 21 
13-9 13-8 15-1 11-2 12:2 


retain in their honeystomachs is influenced by 
its previous availability. 

In the following experiment the effect of the 
concentration of syrup on the quantity which 
bees imbibe was investigated. Bees were taken 
from a hive, given distinguishing paint marks, 
and placed together in a cage. They were starved 
for twenty-four hours and were then weighed 
individually and allowed to feed on sugar syrup 
of a predetermined concentration, and then 
weighed again immediately afterwards. The bees 
were separated at random into 3 groups of equal 
size, and the bees of each group were allowed 
to feed on a different concentration of syrup 
each day—thus eliminating the effect of any day 
to day variation in conditions. The volumes of 
the 3 solutions imbibed were correlated with 
their concentration. (P < 0.05). (Table VIII). 


Table VIII. Mean Volume (mm.3) of Sugar Solution 
Ingested by Worker Honeybees 


Sugar concentration 50% 33% 20% 
Volume ingested 20:5 16-9 13-8 


Experiments were made to investigate the 
effect of a change in the concentration of the 
syrup on which bees were allowed to feed on the 
amount which their honeystomachs subse- 
quently contained. 

On 11th September 30 bees were placed in 
each of 2 cages, (A) and (B). The bees in cage (A) 
were supplied with 10 per cent. sugar syrup 
and bees in cage (B) with 50 per cent. sugar 
syrup. On 15th September a sample of 10 bees 
from each cage was dissected. The honey- 
stomachs of bees of cages (A) and (B) contained 
the mean volumes of 8.3 mm.3 and 19.9 mm. 3 
of sugar syrup respectively (P<0.001). The 
bees of both cages were then fed on 30 per cent. 
sugar syrup and the remaining bees in each cage 
were dissected on 17th September. The mean 
volume of the honeystomachs contents of bees 
in cages (A) and (B) was 12.8 mm. 3 and 8.5 mm. 3 
respectively. Bees of cage (A) (originally fed on 
10 per cent. sugar syrup) had significantly more 


(P<0.05) sugar syrup in their honeystomachs 
than bees of cage (B) which had originally been 
fed on 50 per cent. sugar syrup. 

In a similar experiment bees two days old or 
less were placed in 3 cages (A), (B), and (C) 
and supplied with 10, 30 and 50 per cent. sugar 
syrup respectively. Two days later the bees in 
all the cages were supplied with 30 per cent. 
syrup. After twenty-four hours 50 bees from 
each cage were dissected. The mean volume of 
the honeystomach contents of bees in cages 
(A), (B) and (C) were 11.1 mm.3, 9.2 mm.3 
and 5.6 mm.3 respectively. The bees of cage (A) 
contained significantly more food than bees of 
cage (C) (P<0.001). 

In a further series of experiments it was 
found that bees who had ceased to feed on syrup 
of a low concentration began drinking again 
directly they were offered syrup of a higher 
concentration. 

The improvement or deterioration in the 
attractiveness, as well as the quantity, of syrup, 
therefore, had a marked effect on the amount 
bees retained in their honeystomachs, and it is 
highly probable that the quantity of food that 
different bees contain when they are willing to 
give, or receive, food depends to some extent 
on their past experience. 


Discussion and Conclusions 

The work of Résch (1925) and Perepelova 
(1928) showed that during their lives bees 
generally undertake a series of occupational 
duties, although their observations and those of 
Résch (1930), Ribbands (1952) and Lindauer 
(1952) showed that the length of time which 
individual bees spent on one particular duty was 
very variable and much affected by the needs of 
their colonies. 

Ribbands (1953) supposed that the extensive 
transmission of food which occurs between the 
members of a colony might in some manner 
enable individual bees to become aware of their 
colony’s requirements, and adjust their 
activities accordingly. To validate this hypo- 
thesis it is first necessary to show that food 
transmission between bees in different occupa- 
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tional categories takes place in both directions 
along the occupational series. 

The present results indicate that although 
food is more often given by the older bees to 
the younger ones, there is also a considerable 
transfer of food in the opposite direction. It is 
most probable, therefore, that food and any 
substances it may contain* is passed freely 
between bees engaged in different duties, 
although because of the very large variation in 
the age of the bees undertaking given duties, 
it is not possible to demonstrate this con- 
clusively. 

Bees who were about to give food had very 
varied amounts of food in their honeystomachs, 
as did bees who were about to receive food. It is 
possible that when undertaking certain duties 
bees retain more food than when occupied with 
other duties. From a study of the behaviour 
patterns associated with food transmission it 
appears probable that bees who require food 
(for wax and brood-food secretion) may be even 
able to stimulate bees with little food to feed 
them, and likewise bees with full honeystomachs 
(e.g. successful foragers) may be able to stimulate 
bees containing relatively large amounts of 
food to accept food from them. 

Changes in the quantity and quality of food 
influence the amounts which bees retain in their 
honeystomachs, as well as influencing their 
foraging behaviour (Frisch, 1934 and Ribbands, 
1955). A bee’s past experience, therefore, also 
plays a part in determining the amount of food 
contained in her honeystomach when she offers 
or begs for food. 


Summary 

1. A study has been made of the behaviour 
patterns associated with food transmission be- 
tween worker honeybees. 

2. There is a general tendency for food to 
pass from the older to the younger workers of a 
colony, although there is a considerable passage 
of food in the opposite direction. Younger 
bees generally receive food more frequently 
than they give it. 

3. As worker bees grow older, the mean ages 
of the bees that feed them and to whom they 
give food also increase. 

4. Although bees about to give food generally 
have more in their honeystomachs than those 
about to receive it the quantities of food con- 
tained in the honeystomachs of bees in these 
two groups overlap considerably. The trans- 


*Possibly “social’’ hormones. 


‘mission of ‘queen substance’, 


the occupation 
on which a bee is engaged within the hive, and 
her environment, all influence the result. 

5. The correlation between a bee’s behaviour 
in connection with food transmission and the 
amount of food in her honeystomach is more 
marked in the case of recently emerged, un- 
conditioned bees, than in the case of bees taken 
at random from their colonies. 

6. The amount of food that individual bees 
retain in their honeystomachs is influenced by 
their past experience. 
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THE STATE OF FIGHT OR FLIGHT IN THE BULL 


By A. F. FRASER, 
Lanark 


Introduction 

Typical signs of fright are well-known in 
physiology (Fulton, 1950). The fight or flight 
reaction in the bull includes many outward 
signs of the various physiological effects of 
maximal generalised sympathetic activity, whilst 
at the same time showing an interesting vari- 
ation of the many threat displays described in 
other animals (Tinbergen, 1953). The threat 
display of the bull is demonstrated by a posture 
which is a state of fight or flight. 


Subject 

The state appears to be readily induced in 
those bulls of apprehensive or aggressive 
disposition who have also a strongly developed 
sense of herd leadership. Thus the posture is 
shown almost exclusively by mature bulls of a 
high level of libido and who, by virtue of farm 
management, have had an opportunity to acquire 
experience of possession of herd and territory. 
This latter factor appears to be necessary for 
habitual ready response to an appropriate 
stimulus. Bulls show this threat posture most 
readily when they are out of doors with other 
cattle, a degree of freedom which allows them 
to develop a sense of protection against intrus- 
ion on the herd. For the sense of protection 
and guarding of breeding mates to be efficiently 
resolved on necessary occasions, there must be 
an associated high level of aggression in the 
disposition of the subject so that these two 
qualities, a sense of protection and an aggressive 
disposition, foster each other. The subjects who 
readily demonstrate this threat display custom- 
arily possess in addition, a history of periodic 
interference with relative gregarious freedom 
out of doors. This interference is environmental, 
the bull being changed to indoor confinement, 
often solitary. 

The stimulus which creates the fight or flight 
reaction is intrusion. By intrusion is meant 
sudden inclusion in the bull’s immediate 
environment of strange circumstances, most 
commonly an approach by an unknown person. 
Description of Posture 

The fight or flight posture is composed of a 
number of distinguishing features. 

1. The bull turns towards the offending object 
with the long axis of his body acutely angled 
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to the line between himself and the cause of 
fright. His head and neck are slightly deviated 
from this line. This positioning causes the bull 
to present the lateral aspects of his face, neck 
and shoulder closer to the stimulus than the 
hind parts which are turned away slightly. In 
horned subjects the added effect is to point the 
horn directly towards the stimulus. 

2. There is some arching of the masculine 
crest which is accentuated by marked flexion 
of the atlanto-occipital joint, as the lower 
jaw is drawn tightly into the throat region, the 
head lowered to the ground and fore-head 
directed forwards and slightly downwards. 

3. From the withers to the tailhead the line 
of the back drops. In the lumbar region the 
back is slightly depressed and the pelvis is 
lowered considerably. This lowering of the hind 


Fig. 1. 
quarters is achieved by drawing the hind legs 
forward below the abdomen, much further than 
in normal stance. 

4. A constant watch is kept on the source 
of stimulus and visual perception would appear 
to be good in spite of a concealed manner of 
viewing. There is a considerable degree of 
exophthalmos, a great deal of injected scelera 
being revealed. 

5. The hair on the dorsal aspect of the neck 
is erect. 

6. Muscular rigidity is demonstrated by the 
tense and still manner in which the posture is 
maintained for lengthy periods and up to several 
minutes duration. Strong emotion may have a 
paralising effect (Cannon, 1929). 

Seldom has resolution of the above static 
attitude to positive activity in either fight or 
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flight been seen. On those occasions, when such 
has been seen, the alteration of the posture was 
effected only by the most determined attempts 
to disturb. It is felt that an inhibiting barrier 
of training or domestication divides this state 
from its resolution while the fright stimulus 
remains. While the strength of this barrier 
will vary with the individual it appears to be 
considerable. It is also felt that when this 
barrier is broken down on any occasion by 
appropriate activity of the bull, the effect is to 
destroy this inhibition permanently and fairly 
completely. It is common knowledge amongst 
those having experience of bulls, that when 
a bull has granted himself licence to attack a 
human effectively, it is thereafter almost im- 
possible to manage and handle that bull by 


customary managemental techniques. On such 
occasions wider horizons of behaviour, which 
are customarily obscured, are revealed in a 
rather fearful manner of activity in force and 
speed which, although not of popularly accepted 
bovine pattern, has long been known and has 
become the legend of the bull. 
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RESPONSE LATENCY AS A FUNCTION OF THE AMOUNT OF 


REINFORCEMENT* 


By KENNETH M. MICHELS 
Purdue University 


Evidence was obtained by Michels (1955) 
that latency of response is not directly pro- 
portional to frequency of reinforcement, but 
that the efficiency of the monkey’s performance 
changes rapidly at some critical point between 
15 and 20 per cent. frequency of reinforcement. 
All conditions except ratio of reinforcement 
had been held constant or balanced and the 
influence of other variables at or near this 
threshold of efficient reinforcement ratio re- 
mained untested. 

The present study was designed to measure 
the effect of the variable of amount of food on 
response latency under conditions of fixed-ratio 
random reinforcement on 20 per cent. of the 
trials. Twenty per cent. reinforcement was 
chosen as a conservative estimate of the critical 
point for efficiency of reinforcement. The vari- 
able of amount of food was selected because 
many comparative studies have utilized this 
variable, and because of the theoretical interest 
attached to the effect of amount of reward in 
learning theory formulations. 


Method 

Subjects 

Eight rhesus monkeys (Nos. 174, 178, 179, 
181, 182, 184, 185, and 187) with similar taming, 
adaptation and testing experience were used 
in the present experiment. These animals had 
served as subjects for 11 weeks in a previous 
experiment on fixed-ration reinforcement. In 
that experiment latency of displacement of a 
served as subjects for 11 weeks in a previous 
experiment on fixed-ratio reinforcement. In 
that experiment latency of displacement of a 
single object covering a food well was tested 
under 11 conditions of reinforcement ranging 
in 10 per cent. increments from 0 to 100 per cent. 


Apparatus 

The Wisconsin General Test Apparatus 
(Harlow, 1949) was used throughout the 
experiment. It consists of a table placed in 
front of a barred restraining cage. Mounted on 


*This research was carried out at the Primate Laboratory 
of the University of Wisconsin. 


the table is a superstructure holding two movable 
screens, an opaque screen located just in front 
of the cage, and a one-way vision screen located 
in front of the experimenter. A movable tray 
rests on a track on the table and can be 
advanced toward and withdrawn from the 
restraining cage. The tray contains a single 
food well 14 inches in diameter, with its 
center midway between the sides of the tray 
and 24 inches from the forward edge. An 
electrical circuit is incorporated into the 
apparatus to make possible accurate measure- 
ment of response latency. A single stimulus 
object is used in this experiment and when it is 
placed over the food well, a small metal pin is 
depressed, activating a microswitch and com- 


pleting part of the circuit. Advancing the tray | 


forward closes a second microswitch located 
7 inches from the opaque screen and starts a 
Standard Electric chronometer. With this appar- 
atus, response latency can be recorded to 0.01 
seconds. 


Test Procedure 


Each monkey was brought into the apparatus 
room from the living quarters in a small trans- 
port cage. After being placed in the restraining 
cage, the animal was given four or five pieces 
of food, and testing began. The forward screen 
was lowered, and the block was placed over the 
empty or rewarded food well. The one-way- 
vision screen was lowered and the opaque 
screen raised, and the tray moved forward 
within the animal’s reach. After the monkey 
displaced the block and took the food reward, 
if present, the tray was withdrawn, and the 
opaque screen was lowered. The experimenter 
recorded the latency of the response and 
prepared the tray for the next trial. 


Experimental Design 

All of the eight subjects were tested on each 
of four conditions of food reward, 0.5, 1, 2, and 
4 peanuts, 50 trials a day for five consecutive 
days. The frequency of reinforcement was main- 
tained at 20 per cent. throughout the experiment, 
and the serial arrangement of reinforced and 
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unreinforced trials was predetermined through 
the use of a table of random numbers. 

The temporal ordering of the different reward 
conditions for the eight monkeys was balanced 
by the use of a4 x 4 latin square with monkeys 
assigned to rows, sequence assigned to columns 
and reinforcement conditions assigned to latin 
letters. Two subjects were assigned to each 
row providing for two replications. 


Results 


Performance, measured by mean log latency 
of response, is plotted in Fig. 1 as a function 
of the amount of food presented on the re- 
inforcement trials. A log transformation was 
performed on the data to normalise the dis- 
tribution, and a constant 2.0 was added to each 
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Fig. 1. Mean log of latency of response as a function 
of the amount of reinforcement. 


value to eliminate negative scores. Latency of 
response changes from 2.3591 for 0.5 peanut to 
2.0234 for one peanut, increasing to 2.0843 for 
two peanuts and dropping to 1.9112 for four 


peanuts. In Table I the rounded mean log values 
are presented for each pair of animals. During 
the longer latency periods associated with 


Table I. Presentation of the Rounded Mean Values for the 


Two Animals in Each Sequence and the Sequence of Re- 
inforcement Conditions. The number of pieces of food given 
per reinforcement trial is indicated in the parenthesis. 
Sequence 
Animal 1 2 3 
174,178 (4) (1/2) (1) (2) 
1:9 2:3 1-8 1:8 
179,181 (1) (2) (4) (1/2) 
233 2-4 3-0 30 
182,185 (1/2) (4) (2) (1) 
2-4 1-75 2:0 2-0 
184,187 (2) (1) (1/2) (4) 
2:1 21 2:0 1-6 
the smallest reinforcement condition the 


animals showed little change in behaviour. 
They postured before the bars of the restraining 
cage but were slower to initiate the displacing 
response. There was no evidence of hesitancy 
once the animal began to reach through the bars. 
The overall test of significance by the analysis 
of variance technique presented in Table II 
indicates that the Reinforcement Conditions 
source of variation is statistically significant 
beyond the 0.01 level of confidence. Two other 
sources of variation that are statistically signi- 
nificant beyond the 0.01 level are Sequence 
and Subjects within Sequence. The Sequence 
source of variation is a function of the particular 
temporal ordering of conditions determined 
by the latin square permutations. Included 
within the Sequence source is the variance 
produced by the subjects; consequently testing 


Table II. Summary of Analysis of Variance 


Source of Variance df M2 F 
1. Reinforcement Conditions 3 0-2900 7:88** 
2. Sequence 3 0-4997 13-58** 
3. Ordinal Position 3 0-0103 0-28 
4. Square Uniqueness 6 0-1002 2:72 
5. Subjects within Sequence 4 1-1498 31-24** 
6. Error 16 0-0368 
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the condition of Sequence against Subjects 
within Sequence we find Sequence per se not a 
significant source of variation. 

The analysis of the differences by means of 
Tukey’s Gap Test (1949) indicates that the 
mean latency of response for the 0.5 peanut 
was separated by a gap from the remaining 
three means. The means for the 1, 2, and 4 
peanuts were found to be a homogeneous 
group. The level of significance for the gap test 
was the ¢ value for the 0.05 confidence level. 

Discussion 

The results of the present experiment indicate 
that latency of response decreases significantly 
as the amount of food per reward trial is in- 
creased from 0.5 peanut to one peanut. In- 
creasing the amount of food from one to four 
peanuts, however, has little effect on the pro- 
ficiency of performance. 

These findings may be compared with those 
of Gantt (1938) and Meyer & Harlow (1952) 
since these experiments also utilized a restricted 
range of reward to each animal. Gantt (1938) 
conditioned a dog to four different stimuli 
each of which was reinforced by a different 
amount of food. Performance, as measured 
by the amount of conditioned salivation at the 
end of training, was found to rapidly reach an 
asymptote when plotted as a function of the 
amount of food reinforcement. Comparable 
results were obtained during the final two 
weeks of testing by Meyer & Harlow (1952) 
with monkeys tested on delayed response 
problems, and rewarded 1, 2, 3, or 5 pieces of 
food for a correct response. Although efficiency 
of performance was positively related to amount 
of reward, the gain obtained for successive 
reward increments steadily declined, 12 per 
cent. less errors were made when 2 instead of 1 
peanut was offered, 1.25 per cent. errors on 
3 rather than 2 pieces, and no change in errors 
comparing a 4 piece and 3 piece reward. The 
results of these studies and the present one agree 
in the rapid approach to asymptote obtained as 
amount of reward increases, even though the 
measures of performance used were quite 
different in the three studies, amount of con- 
ditioned salivation (Gantt), per cent. errors 
(Meyer & Harlow), and latency of response 
(present study). 
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If the total daily food intake obtained by the 
animal when tested on each of the four amounts 
of reinforcement is considered, the data may be 
compared to those obtained by Michels (1955). 
In the earlier experiment the animals received 
40 pieces of food during a 50-trial day if re- 
warded on a fixed-ratio random reinforcement 
regimen of 80 per cent., 10 pieces if rewarded 
on a trial of 20 per cent., and 5 if rewarded on 
10 per cent. of the trials. In that study no 
differences were found in latency of response 
for ratios of reinforcement of 20 per cent. or 
greater, but 10 per cent., or 5 pieces of food 
per day was a less efficient condition of re- 
inforcement. Essentially the same results are 
apparent in the present study since no significant 
change in latency of response was obtained for 
10 peanuts per day (1 per reinforcement trial), 
20 per day (2 per reinforcement trial), or 40 
per day (4 per reinforcement trial); when, 
however, 5 peanuts are presented as 10 half 
peanuts (0.5 per reward trial) the latency of 
response increases significantly. Over the range 
studied neither the number of pieces of food 
obtained for a given response nor the number 
obtained during a test session is of primary 
importance in the maintenance of response 
latency at a proficient level. When, however, 
either the frequency of rewarded trials drops 
below 20 per cent. or the amount of food drops 
below one peanut per rewarded trial perform- 
ance decreases significantly. These data approx- 
imate the lower limits for proficient performance 
of an object-displacing response by monkeys. 
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NEST BUILDING BEHAVIOUR OF DOMESTIC RABBITS UNDER 
SEMI-NATURAL CONDITIONS 


By J. A. DEUTSCH 
Institute of Experimental Psychology, University of Oxford 


The purpose of this paper is to report certain 
characteristics of nest building behaviour in 
female domestic rabbits, which were born and 
brought up in cages and were subsequently 
permitted to live under semi-natural conditions. 
It is felt that the observations made on these 
animals serve to throw an interesting light on 
any conclusions which might be based on an 
article previously published in this journal 
(Ross, Denenberg, Sawin & Meyer, 1956). 
Though the number of animals was small, 
their behaviour can hardly have been due to 
chance factors and is relevant to experiments 
on instinctive patterns of behaviour carried out 
under artificial conditions. 

The subjects were three adult female domestic 
rabbits belonging to three different strains. 
One was an angora, the second a chinchilla 
and the third was of unknown race. These 
rabbits all had four litters during the period of 
observation. Prior to observation their entire 
lives had been spent in cages. Except for the 
angora they were primiparous. 

The rabbits were released into an enclosure 
with a grass patch, and shrubs on a border which 
had been dug. The enclosure measured 14 yds. 
by 35 yds. and was surrounded by 4 ft. high 
wire netting. There was a varying population 
of other domestic rabbits in this enclosure. 
One was always an adult male; the others were 
immature rabbits and adult females. 


Observations 
1. Nest Building 

After about two weeks of pregnancy, the does 
began to construct nests. They prepared sites 
under cover, such as a tall clump of grass or a 
shrub. First, a hole was dug of a somewhat 
narrower diameter than the ones dug in an 
ordinary burrow. This hole led to a burrow, 
which, after an initial dip, ran almost parallel 
to the surface of the ground for about 4 to 6 
feet. The tunnel ended in a spherical nest 
chamber about 18 inches in diameter. As the 
nest chamber was of a much larger diameter 
than the tunnel, and close to the surface of the 
ground, its roof sometimes collapsed. The reason 


for this may be that the rabbits were confined 
to a terrain which was entirely flat. It is possible 
that in a completely free environment the 
rabbits would have selected nest sites on a slope, 
as wild rabbits often do. One of the rabbits 
under observation found a way through the 
fence, on one occasion, and did in fact construct 
a nest in the side of a mound. 

When the tunnelling was complete the en- 
trance was blocked with loose earth, in such a 
way ‘that all traces were obliterated. The near 
horizontal position of the tunnel results in very 
little loose earth rolling down it when it is 
blocked up. 

After the tunnel and nest chamber were 
completed and blocked, each doe collected 
nesting material. She selected old dry wisps of 
grass which she did not bite in order to detach 
them. Instead she opened her mouth wide and 
grasping the wisps halfway along their length, 
pulled with a backward jerk of the head. This 
process was repeated until the rabbit’s mouth 
was full of dry grass, which finally made a 
neat sheaf in the rabbit’s mouth. If the doe was 
presented with wood wool whilst she was 
gathering nesting material she accepted it, but 
the same stereotyped movement persisted. 
The rabbit still “‘plucked”’ it by jerking its head 
and rearing, even though the material was 
quite loose. The doe also plucked some hair 
from her belly at this time. 

Individual does were observed to make two 
nests during a pregnancy but, since the nests 
are so well camouflaged, even more may have 
been constructed. 

All the nests in which the rabbits reared 
young were excavated and found to be of the 
same pattern. The rabbits were able to construct 
these fairly uniform nests perfectly, even without 
any previous experience of digging. There was 
certainly no evidence of improvement in quality 
of nest construction during successive preg- 
nancies. 


2. Parturition 


The female entered the nest just before par- 
turition. She depilated her belly extensively and 


y the 
ay be 
955). 
ceived 
ment 
irded 
d on 
y no 
onse 
t. or 
food 
f re- 
are 
icant 
1 for 
rial), 
r 40 
hen, 
half 
y of 
ange 
food 
nber 
nary 
onse 
ver, 
rops 
rops 
orm- 
ance 
aliva. 
> the 
Proc. 
74, 
sets. 
tiple 
by 
ndom 
keys. 
inthe } 
53 


54 THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR, V, 2 


covered her young with the down, and then 
left them, blocking the nest entrance again and 
disguising it very thoroughly. She then left the 
vicinity of the nest especially when she was 
startled. As far as the observer could discover 
she nurses the young only once every twenty- 
four hours, filling up the nest entrance carefully 
afterwards. The time which she spends nursing 
is very short. It is from two to three minutes. 

To check the above observations, the writer 
excavated a week old litter belonging to an 
especially tame doe. These were placed in a 
hutch from which the doe was excluded. She 
was then placed in the hutch with the young 
four times a day. Though she accepted the 
young she would only suckle them once every 
twenty-four hours. The times of suckling were 
taken with a stop-watch on five successive days. 
There were 9 young in the litter, one of whom 
died. The times taken with the stop-watch are 
accurate to the next five seconds. They are: 

2 minutes 40 seconds. 
2 minutes 35 seconds. 
2 minutes 35 seconds. 
2 minutes 20 seconds. 
2 minutes 25 seconds. 

The end of nursing is very abrupt. While 
nursing, the doe does not lie down. She stands 
hunched over the litter with her head down and 
compact with her body and the eyes half shut. 
Very suddenly, without any previous sign, she 
runs off kicking her legs. Thus no arbitrary 
decision about the cessation of nursing had to be 
taken. The times were taken after the doe had 
become accustomed to the procedure after three 
days. She would run up to the observer to be 
picked up and placed with her young when she 
“‘wished”’ to suckle them. It is, therefore, un- 
likely that the results obtained were seriously 
distorted by fear which might have led the doe to 
curtail her nursing activities. However, the 
more inconvenient method of observation of the 
doe all the time for a similar period when she 
has free access to her young would be more 
satisfactory in establishing the duration and 
frequency of nursing. After three or four weeks 
the nest entrance was left uncovered, and the 
young emerged. 

There seemed to be a complete absence of 
any retrieving behaviour. If one of the young 
was taken and placed on the grass by the mother, 
she sniffed it and then hopped away. This has 
been repeatedly done. The young, when they 
had been excavated were placed in a hutch 
where the mothers always accepted them, 
continuing to suckle them. This, and the absence 


of aggressive behaviour, is the criterion of 
acceptance as other reactions to young after 
parturition seem to be absent in the rabbit. 

During one pregnancy, a doe was confined 
in a hutch during the night but let out during the 
day to obtain some of its own food. She duly 
had a litter in the hutch, but it was discovered 
four weeks later that she had had a part of the 
litter in a nest of her own construction, in the 
enclosure, when the young rabbits appeared 
from the hole. She had reared both halves of the 
litter successfully. 

Di 

It is apparent that when female domestic 
rabbits are allowed to build nests under almost 
natural conditions, the behaviour pattern of 
nest building, as judged by the finished product, | 
appears in its perfection. This is true even where 
experience of digging has been absent and the 
rabbit has previously been kept in a hutch or 
cage. 

These observations show the need to revise 
the hypothesis which Ross ef al. claim they 
have confirmed. “Our hypothesis is that the 
quality of nest construction will improve with 
successive parturitions.”” This hypothesis is 
“about the nest building performance of the 
female rabbit.”” Ross et al. kept their does in 
hutches, providing them, two days before 
parturition with a wooden nest box. One may 
doubt the generality of conclusions about 
patterns of instinctive behaviour based on 
experiments in environment in which the 
animals did not evolve. 

It may be that parts of the elaborate instinctive 
pattern which the pregnant rabbit possesses 
are evoked even when the rabbit is kept in a 
hutch. Though they cannot be executed, the 
rabbit may still be “looking for” the right 
stimuli, such as earth. This appetitive behaviour 
may interfere with the execution of other parts 
of the instinctive pattern which are still appro- 
priate. However, during successive pregnancies 
the frustrated “inappropriate”, parts of the 
behaviour may drop out, leaving the still 
appropriate parts to be executed with less inter- 
ference. Thus an improvement may be secured | 
which is actually due to the dropping out of 
inborn components, rather than to the acquisit- 
ion of new components through learning. 
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THE COPULATORY BEHAVIOUR OF THE FRESHWATER SNAIL 
(Limnaea stagnalis L.) 


By E. M. BARRAUD 
Ornithological Field Station, Madingley, Cambridge 


Introduction 


In this paper the copulatory behaviour of the 
freshwater snail Limnaea stagnalis L. is described 
and certain aspects of it are considered. 

The snails studied were first, second and third 
generation aquarium-bred animals, kept under 
uniform conditions in aquaria furnished with 
water plants such as Fontinalis antipyretica, 
Elodea canadensis and Callitriche spp. The 
standard diet was lettuce, with occasional 
pinches of Bemax, a proprietary cereal food. 

Relevant Sexual Anatomy 

L. stagnalis is hermaphrodite, with well 

separated male and female openings, both on the 


right side of the animal (Fig. 1). The male 
opening is below and slightly behind the right 


2 
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Fig. 1. External sexual anatomy of L. stagnalis 
. Spire of shell 
. Body whorl 
. Female opening 
. Tentacle 
Hood 


Male opening 
Foot 


tentacle. It is not noticeable to the naked eye 
except at times of sexual excitement when it is 
indicated first by a whitish blur beneath the 
skin, then by a white knob, increasing in size 
as the penis sheath is everted (as the finger of a 
glove may be turned inside out). When fully 
everted, the sheath is flatly oval in section and 
narrowed at either end—at the body end by the 
constriction of the opening and at the tip where 
the penis is extruded to penetrate the vagina 
of the female during copulation. In a fully 
grown snail the apparatus may be as much as 
1.2 cm. wide and 2.5 cm. long—remarkable 


proportions relative to the total size of the 
— a large shell may be little over 2.5 cm. 
ong. 

The female opening is considerably further 
back than the male, protected by the shell, 
but it can nevertheless be seen at all times, in 
an extended snail, as a small white ring which 
seems to be whiter and slightly protruded during 
sexual activity. 


The Copulation Sequence 
(a) Preliminaries to Copulation 

Although Noland & Carriker (1946) state 
that “as soon as two snails kept in solitary 
culture are placed in the same container one or 
both of them become active and start searching 
for the other snail’, the present study produced 
no evidence of such active search for a mate. 
Preliminary observations had revealed that 
L. stagnalis has a tendency to travel in an anti- 
clockwise direction (in any plane), particularly 
on first emergence from the shell after disturb- 
ance, and this habit made it impracticable to use 
large vessels for study purposes; even in a dish of 
about 4 in. diameter two snails might circle for a 
long time before they came into contact— 
usually by one overtaking the other. 

When they do at last meet, one will usually 
crawl on to the shell of the other and a copula- 
tion attempt generally follows, provided the 
season (governed largely by temperature) is 
suitable, and both animals are sexually mature 
and at least one has not just previously been 
coupled. 

There are indications when a copulation 
attempt is in fact to be made; these are general- 
ised but unmistakeable after a few couplings 
have been witnessed. There is a concentrated 
“‘purposefulness” about the movements and 
stance of the male;* the foot is drawn up 
(hunched) pyramidally, in a manner never seen 
in casual travel, and cupped round the shell 
of the female. His hood (chaperon or velum) is 


*In this paper the terms “male” and “female” will be 
used to indicate the role adopted in the particular 
copulation sequence described. 
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unusually extended, both laterally and down- 
ward over the anterior margin of the foot; 
there is a gentle groping movement of the 
lower margin of the hood, sideways and to and 
fro. During these manoeuvres the penis sheath 
may be seen as a white blur under the skin 
and then as a white nob protruding through the 
mouth of the male opening. This knob swells 
and contracts from time to time as the snail 
moves forward. 

The amount of manoeuvring depends on the 
angle at which the male first establishes contact 
with the female. At its simplest, he overtakes 
her, crawls on to her shell and continues his 
line of travel direct towards the peristome 
of the female shell at the point where it springs 
out at an angle from the body whorl, and then 
continues forward, parallel to the peristome, 
until he reaches Position 1 (see below, and Fig. 
2). If the female is approximately the same size 


3 NIS 


Fig. 2. Copulation from Position 1 


as the male, the whole of his foot will now lie 
along the peristome but if she is smaller some of 
his foot will remain on the body whorl. In cases 
of extreme disparity, with a very large male 
and a very small female, his foot may lap com- 
pletely round her shell. 

As the male reaches the point from which a 
copulation attempt is to be made, his already 
very slow progress becomes barely perceptible 
but the alternate swellings and contractions 
of the partially everted penis sheath become 
increasingly frequent until ultimate total ever- 
sion, which is instantaneous. (When no further 
sexual activity is to take place, retraction of the 
penis sheath is rapid, and total; there is no 
white blob or blur as before copulation. So 
long as a knob or blur can be seen, further 
attempts may be expected). . 

Copulation is rarely achieved thus simply, 
however, and the male may circle the female’s 
shell many times in his endeavours to attain his 
end. The situation will be further complicated 
if she is close to the aquarium wall or some 
other obstacle to his progress. His movement 


round the back of the shell is relatively rapid 
but it slows down immediately he approaches 
the angle of peristome and body whorl, with a 
pause at the junction before he turns along the 
margin of the shell. 

Although Noland & Carriker (loc. cit.) 
report that young snails had more difficulty in 
locating the genital pore than older ones, the 
present observations have not confirmed this; 
inexperienced snails have been successful on 
their first attempt, and experienced snails have 
had to make repeated approaches. Times of 
from five minutes to an hour and a half were 
noted, regardless of age or experience. Nor is 
there any evidence that individual snails might 
be more adapt than others; the same animal 
might take, on different occasions, five minutes 
or more than an hour. 


(b) Postures Adopted in Copulation 


(i) Copulation by two partners. The majority 
of copulation attempts are made between two 
snails, with the male mounted on the shell 
of the female, both animals facing the same 
way and so placed that the male opening of the 
male is above and just forward of the pneumo- 
stome of the female. This will be called Position 
1 (Fig. 2). 

With or without an attempt from Position 1, 
the male may travel forward until his head is 
opposite the foremost edge of the female’s 
shell, when the axis of his shell will be at right 
angles to that of hers. This will be called Position 
2 (Fig. 3). Attempts are often made from Position 
2, particularly after failure from Position 1, 
but they are very rarely successful since from 
this point the everted penis sheath has to reach 
back, across the body of the female, and is at its 
fullest extension when the tip reaches the 
vaginal opening; under these conditions the 
evasive behaviour of the female (see below) 
is of maximum effect. 

Once coupled, the snails may adopt almost 
any position relative to one another as a result 
of movements of the female, the penis sheath 
acting as a pivot. 

A coupled pair will sometimes re-couple 
immediately after conclusion of the first copula- 
tion, but with the roles reversed: the former 
female now acts as male. Or either partner 
may mate with a third snail, usually reversing 
the role played in the first mating. There is no 
evidence, in a series of copulations, that any 
individual snail has a preferred role (Noland & 
Carriker, Joc. cit.). 
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Fig. 3. Copulation from Position 2 
Side view 
B. Frontal view 


Simultaneous reciprocal copulation was not 
seen in the present observations but is mentioned 
by several authors (e.g. Pelseneer, 1935; Boett- 
ger, 1944). 

(ii) Multiple copulations. Sexual activity in 
L. stagnalis is not always limited to two partners. 
Different writers have reported chain copulation, 


in which several snails take part, the foremost 
acting as female only, the intermediate ones as 
both male and female (to the snails in front of 
and behind them respectively) and the last as 
male only. 

Chain copulation was seen in these observa- 
tions and in each case the sequence of events 
was as follows: (1) One snail mounted and acted 
as male to another. (2) After copulation was 
achieved and the female was relaxed and 
moving about, she mounted a third snail, 
acting as male to it. (3) The three snails then 
approached a fourth and the third snail mounted 
it, acting as male. Occasions occurred when a 
snail approached a coupled pair and en- 
deavoured to couple on the male but the 
contorted retraction when the newcomer at- 
tempted penetration caused the potential female 
(already acting as male) to lose its foothold on 
the shell of the original female and uncoupling 
resulted (a noteworthy point, in view of the 
degree of disturbance which can be tolerated 
without causing uncoupling—see below). Boett- 
ger (loc. cit.) points out that, theoretically, 
such a chain could be completed to form a 
closed circle but adds that he never saw this in 
many years study. Since it could be achieved 


only by the foremost snail (female only) be- 
coming a male to the hindmost (male only) 
the formation of such a ring seems highly im- 
probable in view of the present observation of 
what happens when a male attempt is made on an 
already acting male. 

A variant of chain copulation which does not 
appear to have been mentioned by other 
authors* is the situation in which several snails 
endeavour to act as males simultaneously to one 
female. This was seen twice in the present study: 
in one case a female and two males were involved, 
in the other case a female and four would-be 
males. In both cases only the snail at Position 1 
succeeded in copulating but the others all 
reached the stage of total eversion of the penis 
and its insertion beneath the shell of the female 
and some remained thus for a time (see “‘false 
coupling,” below). 


(c) Copulation 

During copulation the male remains passive 
but for the ejaculatory thrusts (see below); 
the tentacles are somewhat drooped and the 
shell a little drawn down on the body. The 
vas deferens can be seen as an undulating white 
cord through the translucent wall of the penis 
sheath. 

The female is at first indifferent to the presence 
of the male on her shell.t At the moment of 
actual penetration, however, she gives a con- 
torted retraction of the whole forepart of the 
body, by which the cephalic region is drawn 
upward and backward under the shell. This is 
quite unlike the general retraction employed 
in the face of other disturbances. It is some- 
times so violent that the female loses its foot- 
hold and both animals float to the surface or 
sink to the bottom, but it has never been seen 
to cause the male to relinquish his grasp though 
it does usually disrupt the current penetration 
attempt. (It may here be remarked that a 
considerable degree of interference from the 
observer fails to separate a coupled pair, 
although both will at once withdraw into their 
shells as much as their conjoined condition will 
allow. Noland & Carriker (/oc. cit.) state that an 
*Noland & Carriker (/oc. cit.) say “‘mating is not limited 

to pairs of snails but may include three or four animals 


in one cluster’ but it is not clear from this whether 
one or more females were involved. 


+L. stagnalis does not display the violent shell pivoting 
seen, for example, in L. pereger, to attempt to dis- 
lodge foreign bodies on the shell; presumably the 
much larger animal is seldom subject to such molesta- 
tion, 
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extra quantity of mucus is secreted by the 
ventral surface of the male’s foot during copula- 
tion and this would presumably reinforce the 
normal adhesiveness. The hunched form of the 
foot, already mentioned, may also increase 
adhesiveness, by suction). 

Coupling may last anything from a few 
minutes to twelve hours or more but actual 
ejaculation is brief and may be signalised by a 
few convulsive thrusts from the male; the rest 
of the time is spent passively coupled. 

Once penetration has been achieved, the 
female relaxes and seems again indifferent to the 
male’s presence, moving about freely and often 
feeding. If coupling has taken place below 
water level, the female will usuall move to the 
surface, carrying the male on her shell. Both 
animals will then breathe; if copulation pre- 
liminaries have been prolonged, they may not 
have done so for more than an hour. 


(d) Outcome of Copulation Attempts 

As, despite the contorted retractions of the 
female, the male usually remains mounted with 
the penis sheath fully everted and thrust up 
undet the shell of the female, it was at first 
assumed that copulation attempts were gener- 
ally successful but further observation showed 
that this was not so. The general indication is 
that penetration is relatively seldom achieved; 
in the majority of later observations the female 
opening was clearly visible as unoccupied, while 
the male’s penis sheath lay higher up, close to 
the under surface of the female’s shell. The 
partners may remain thus “false coupled” for a 
period equivalent to that taken in a successful 
copulation and the male may finally retract 
the penis and move away without any further 
attempt. Moreover, ejaculation may take place 
in such circumstances, as evidenced by the 
appearance of an opalescent discharge in the 
water, and Noland & Carriker (Joc. cit.) report 
that one of their assistants witnessed ejaculation 
into the water, the sperms being definitely 
identified. 


Sensory Equipment and its Use in Copulation* 
Since L. stagnalis shares a feature common 
to the majority of Molluscs in that sensibility 
is generalised throughout the skin of the whole 
body, it is not surprising to find that the powers 
of the specialised sense organs are somewhat 
*For a summary of work on the sensory equipment of 


Molluscs, see Pelseneer (1935), Boettger (1944) and 
Fischer (1950). 


There is appreciation of light intensity and 
some colour discrimination, but there is no 
evidence of form perception. There is disagree- 
ment about response to sound as such, but there 
is certainly response to vibration. There is 
sensitivity to the presence of chemicals and other 
substances in the water, with reactions indicating 
attraction or repulsion. The tactile sense is very 
well developed: it is particularly acute in the 
tentacles and cephalic region generally, and in 
the anterior margin of the foot. 

It would seem that sight plays no essential 
part in copulation preliminaries; apart from the 
eye’s functional limitations, L. stagnalis couples 
equally freely by night and by day. 

The snail is very sensitive to the near presence 
of moving objects, from the disturbance set 
up in the water, but this alone would not 
indicate that such an object was a potential 
mate. 

The sense of touch can operate only when 
the animals are in actual contact. That it does 
then play a large part is obvious from the final 
manoeuvres of the male on the shell of the 
female; his slow gropings are comparaable to 
those of a blind person in strange surroundings. 
The right hand margin of his hood weaves and 
“fingers” and progresses with a slight over- 
hang of the peristome of the female shell, the 
foot following with its margin aligned with the 
rim. After a male has once circled the shell of 
his prospective partner, he is probably helped 
by the presence of mucus left by his previous 
passage, particularly as the secretion of mucus 
is increased during pairing (see above). In the 
earlier stages of copulation, however, selectivity 
is low: inter-specific copulation is not uncom- 
mon and even inter-generic pairings are known 
(references in Pelseneer Joc. cit. and Boettger 
loc. cit.). Intra-specifically, false coupling is 
at least as common as successful copulation 
(see above) and snails have been seen with the 
penis extended over the edge of a food container 
in the tank (Noland & Carricker, Joc. cit.). 


The Biological Significance of Copulation 

Certain of the foregoing observations, with 
their indications of the somewhat uncertain 
outcome of copulation attempts, raise the ques- 
tion of how fertilisation does in fact take place in 
L. stagnalis, an issue which has been discussed 
for a number of years and has apparently not 
yet been settled (Cain, 1956). The possibilities are: 
cross-fertilisation, by copulation between two 
snails, and self-fertilisation, either internally 
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or by self-copulation—that is, by the insertion 
of the penis into the snail’s own female opening. 


Copulation between two individuals certainly 
does take place and it would be natural to assume 
that it was fertile, but Crabb (1927 a and b), 
working with the American L. stagnalis appressa 
Say, concluded that even when copulation did 
occur, foreign sperms would have the dis- 
advantage in competition with those produced 
by the snail itself since spermatozoa are placed 
in the sperm receptacle during copulation and 
in otder to inseminate the ova they must swim 
the length of the female conduit, through the 
viscuous substances secreted by the albumen 
gland, and penetrate the ovum before it is 
covered with albumen, which would be not later 
than its arrival at the convoluted uterus. Since 
he found that both ova and spermatozoa were 
developed in a single acinus at the same time 
and that at no time were functional sperms 
absent from the hermaphrodite gland and duct, 
he concluded that internal self-fertilisation (i.e. 
without self-copulation) was the normal method 
of reproduction. On the other hand, Boycott 
et al. (1930) established, by the use of albinos, 
that cross-copulation was preferred in L. 
peregra. 


Against self-fertilisation (with or without 


self-copulation) Pelseneer (/oc. cit.) argues the 
existence of protandry, but Boettger (/oc. cit.) 
maintains that one is not entitled to speak of 
protandry since the development is of a typical 


hermaphrodite sexual apparatus producing 
sperms and eggs simultaneously. This latter 
author inclines to confirm Crabb’s view, yet 
comments that breeding results appear to in- 
dicate that cross-fertilisation does indeed take 
place. 


It has long been known that individuals 
isolated from hatching (or in the egg) can 
reproduce themselves (indeed Noland & Car- 
riker, Joc. cit., actually had more eggs per 
snail from their isolated stock than from those 
kept in groups) but whether this is brought about 
entirely internally or by self-copulation is 
subject to the disagreement already indicated. 
Crabb (/oc. cit) says that he has never seen self- 
copulation, while admitting others claimed they 
had. Colton (1918) was one of these, and 
Boettger (loc. cit.) says it has been confirmed 
in several Limnaeids. It was not seen in the 
present study but is certainly physiologically 
possible since the distance from the male 
opening of a snail mounted at Position 2 to 
the female opening of its partner is greater than 
the distance between the male and female 


openings of the same snail, and copulations 
from Position 2, though infrequent, do occur. 
From the conflict of views, two established facts 
emerge: that L. stagnalis can reproduce in 
isolation, and that the snail does cross-copulate. 
Baily (1931) states that Limnaeids are probably 
the highest form of life in which self-fertilisation 
occurs and it would seem that L. stagnalis 
retains a feature common to many lower 
organisms (e.g. Hydra, Planaria, Daphnia, 
the Aphids) which practice asexual reproduction 
while conditions are favourable but resort to 
sexual reproduction when conditions become 
adverse, thus securing the advantages of 
plasticity offered by crossing (Huxley, 1942). In 
L. stagnalis the “‘choice’’ of reproductive method 
appears to be governed by opportunity as much 
as by necessity, but Noland & Carriker’s (loc. 
cit.) remark that copulation was particularly 
frequent among snails in a tank recently de- 
pleted of food may be significant. There may 
also be a mechanical advantage accruing from 
copulation, in that it enlarges the female open- 
ing; a post mortem on an animal reared in 
isolation revealed an impacted mass of eggs in 
the oviduct (Barraud, unpublished). 
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OBSERVATIONS ON THE FEEDING OF ADULTS OF THE RED LOCUST 
(Nomadacris septemfaciata (Serville) ) 


By R. F. CHAPMAN 
International Red Locust Control Service, Abercorn, Northern Rhodesia 


From laboratory studies it is known that the 
activity of locusts is influenced by their state of 
feeding (Edney, 1937; Ellis, 1951; Chapman, 
1954); hence, in any behaviour studies made in 
the field it is important to include a study of 
feeding behaviour. Lea & Webb (1939) and 
Vesey-Fitzgerald (1955) have shown that there 
is a close association between the distribution 
of the Red Locust within its outbreak areas and 
the structure of the vegetation. This association 
could result from responses to the physical 
properties of the vegetation or to its food value, 
or to a combination of both, and it requires 
investigation if a real understanding of the 
characteristics of outbreak areas is to be gained. 
Moreover, if residual stomach poisons are to be 
used against locusts with maximum efficiency, 
a thorough knowledge of where and when 
feeding occurs is essential. The work described 
in this paper was undertaken to provide inform- 
ation on these points. 


The work was carried out in 1954 and 1955 
in the central area of the Rukwa valley, Tangan- 
yika Territory. The Rukwa valley is one of the 
three recognised outbreak areas of the Red 
Locust. Lake Rukwa lies within it, bounded 
by grass plains, which constitute the locust’s 
habitat. The plains, in turn, are bounded by 
Acacia scrub which extends to the escarpment 
on either side. Other trees, Lonchocarpus, 
Tamarindus and Stericulia, become common 
towards the foot of the escarpment. A full 
account of the vegetation of the area is given by 
Vesey-Fitzgerald (1955). 

In order to be able to catch enough locusts 
to make a representative sample, the observa- 
tions were made on populations which were of 
fairly high density, but non-swarming. A working 
ing area was chosen which was known to contain 
a fairly high population throughout the year. 
Temperatures were recorded in a Stevenson 
screen at the forest edge about three miles from 
the working area. A second screen was set up 
near the area itself for part of the time. The 
records from the two screens did not differ 
significantly. 


Daily and Seasonal Feeding 

In order to determine the variation in feeding 
throughout the day, samples of 50 locusts were 
collected at three-hour intervals. They were 
dissected for examination of the alimentary 
canal immediately on reaching the laboratory, 
15 minutes after being collected. The first 
sample was taken at 05.00 hours. Successive 
collections were made until 20.00 hours on the 
following day, so that a series of 14 samples 
was obtained in 39 hours. This was repeated 
every month, and in addition, a single day’s 
sampling, from 0.500 to 20.00 hours, was carried 
out each month. Samples were thus taken on 
three days and one night in each month. 

The four parts of the alimentary canal— 
oesophagus, crop, mid-gut, and hind-gut— 
were each classified as being “‘full,’’ containing 
“some” food, or “empty.”’ The class “‘full” 
was not separated from “‘distended”’ as it was by 
Ellis (1951). The amount of food in the gut was 
classified by running the fingers over it, visual 
estimates of the food present having proved 
unsatisfactory because the gut was often 
extended by fluid when no solid food was 
present. 

In order to classify the gut content of a 
complete sample of 50 locusts, the classes 
“full,” “‘some” and “empty” were scored 2, 
1 and 0. The amount of food in any one part 
of the gut in the whole sample was then obtained 
by expressing the sum of the individual scores 
for that part as a percentage of the possible 
maximum score, the maximum score for one 
part of each locust being 2. Ultimately the 
amount of food in the oesophagus alone has 
been used as a measure of feedng. The presence 
of food in the oesophagus must be a more 
accurate indication of recent feeding than food 
in any other part of the gut, since the oesophagus 
is the most anterior part of the alimentary canal 
and is not concerned with digestion. 

To be able to interpret the results obtained 
by sampling, it is necessary to know the signifi- 
cance of a change in the percentage of food in 
the oesophagus from one sample to the next. 
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The amount of food present in the oesophagus 
is the resultant of the amount of food eaten 
and the amount which has passed further down 
the alimentary canal. An increase in the amount 
of food found in successive samples must be 
indicative of feeding during the interval between 
sampling; a decrease shows only that food is 
passing out of the oesophagus more quickly 
than it is being replaced. However, it was 
found that either an increase or a decrease may 
occur under any conditions, irrespective of the 
rate of emptying. It is, therefore, concluded 
that a decrease in the amount of food in the 
oesophagus between successive samples is in- 
dicative of a low level of feeding. If, in successive 
samples, there is no change in the oesophageal 
content, this may result either from a balance 
between food entering and food leaving the 
oesophagus or from a very low rate of emptying. 
To interpret the results more clearly information 
on the rate of emptying is required. 

Because of the difficulty of keeping Red 
Locusts healthy in captivity, large numbers were 
caught in the field at times when they were 
known to have fed recently. The state of feeding 
was determined by sampling. These locusts 
were put into cages without food and 20 were 
dissected each hour for four hours. This par- 
ticular period was chosen because samples were 
to be collected in the field at three-hour intervals, 
and the effects of longer periods of starvation 
were therefore of no special interest. The 
amount of food in the oesophagus at the start 
of each set of experiments was regarded as 100 
per cent. and later values were expressed as a 
percentage of it. This enabled comparisons to be 
made between batches with varying amounts 
of food in the oesophagus at the beginning of 
the different experiments. 

One series of three experiments was carried 
out with the cages kept in the shade in the 
laboratory. Temperature, which was measured 
with a thermograph, varied from 25.5°C. 
to 27°C. in the course of the experiments. 
Under these conditions, the oesophagus emptied 
slowly and after four hours the samples still 
contained 50 per cent. of the food originally 
present in it (Fig. 1). 

In a second series of experiments, the cages 
were placed in the sun. Screen temperatures 
are given as an indication of temperature but 
the locusts in the cages were probably consider- 
ably hotter. The experiment was repeated three 
times, screen temperatures varying from 26°C. 
to 27°C. at the start and 31°C. to 32°C. after 


Low temp. 
High temp o--0o 


Food in oesophagus 


8 


2 
Time in hours 


Fig. 1. The rate at which the oesophagus emptied. 
(Each point is based on dissections of 20 locusts.) 


four hours. The results (Fig. 1) showed a rapid 
drop in oesophageal content in the first hour, 
followed by a more gradual decline. This 
suggests that the oesophagus empties more 
rapidly at higher temperatures. 

From this it follows that successive samples 
taken at high temperatures and showing fairly 
constant amounts of food in the oesophagus are 
indicative of continuous feeding, since other- 
wise a reduction in oesophageal content would 
be observed. At lower temperatures, the food 
in the oesophagus tended to move on less rapidly 
so that successive samples with similar oeso- 
phageal content are probably indicative of the 
low rate at which the oesophagus empties rather 
than of continuous feeding. 


Results of the Monthly Sampling 


In March, the level of feeding showed two 
peaks, one just before midday and a second 
just before dark. It was reduced in the middle 
of the day. Feeding was continuous daily in 
April (Fig. 2), increasing steadily all day to 
reach a maximum in the late afternoon. Similar 
behaviour was observed in May, but feeding 
tended to start rather later, after 08.00 hours. 
In June the first feeding occurred after 09.00 
hours (Fig. 3). Less feeding was observed in the 
late afternoon in June and July, when the 
amount of food in the oesophagus did not reach 
a high level at any time. The reduction in 
feeding continued in August. The main meal at 
this time was usually in the afternoon. Feeding 
was reduced to a minimum in September (Fig. 
4), when hardly any was observed until the 
late afternoon. In October and November, as 
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Fig. 2. Feeding in April. (In Figures 2 to 6 the shaded 
area represents darkness and the numbers at the top are 
the numbers dissected). . 
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Fig. 3. Feeding in June. 


in March, feeding took place in the morning 
and afternoon, with a break in the middle of the 
day (Fig. 5); this was a characteristic of the 
hotter months. In November, the locusts 
started to feed before 08.00 hours on hot 
mornings but sometimes rain caused feeding 
to be delayed. This effect was more marked in 
December in the males, feeding sometimes being 
greatly reduced, but the females fed extensively 
throughout the day (Fig. 6). Only in December 
was there a significant difference between the 
feeding of males and females. 


Analysis of Feeding Behaviour 
The data on daily and seasonal feeding 
behaviour have been analysed with regard to Fig. 6. Feeding in December. 
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temperature, darkness and the physiological 
state of the locusts in an attempt to throw light 
on the factors influencing feeding. 


Temperature 

Inspection of the results suggested that 
temperature might be important in influencing 
feeding behaviour. For instance, feeding was 
reduced over midday during the hot months, and 
in the cooler months it began and later was 
reduced in the afternoon, when the temperature 
fell rapidly. 

A detailed analysis has been made in which 
only increases in the amount of food in the 
oesophagus from one set of dissections to the 
next are regarded as definite proof of feeding. 
The use of actual percentages of food at any one 
time is avoided because these depend on both 
previous feeding and the rate of digestion, and 
increase from one sample to the next can occur 
only if the amount of food eaten exceeds that 
which has passed out of the oesophagus. It 
has been shown that the rate of emptying is 
higher at higher temperatures, but marked 
increases in content were nevertheless obtained 
at high temperatures at certain times. This 
indicates that when feeding did occur the rate of 
intake exceeded the rate of output. It is, there- 
fore, justifiable to regard increases in the 
amount of food present as proof of feeding 
whatever the temperature, subject always to 
sampling errors. 

The results obtained (Fig. 7) show that 
feeding activity was reduced at temperatures 


6 ba 2 B B 6 


Temperature 

Fig. 7. The percentage frequency with which increases in 

Oesophageal content were observed at various temper- 

atures, (The numbers at the top in Figures 7 to 9 are the 

— of observations on which the percentages were 


below 26°C. or above 34°C. The reduction 
at high temperatures occurred over midday. 
This reduction was not due merely to the 
locusts being full, for in cooler months they 
sometimes continued eating all day. The 
temperatures 26°C. and 34°C. may be regarded 
as the overall upper and lower limits of optimal 
feeding conditions, but at any one time the 
limits were closer and depended on the previous 
conditioning of the locusts. 

It was found that feeding occurred in the 
afternoon at temperatures which, earlier in the 
day, had been prohibitive. The results have 
been separated into those obtained when the 
temperature was increasing, so that the locusts 
were conditioned to low temperatures, and 
those obtained when temperature was decreas- 
ing, when they were conditioned to high temper- 
ature. Figure 8 shows clearly that temperatures 
which prohibited feeding when the locusts 
were conditioned to low temperatures, were 
quite suitable for feeding when they were 
conditioned to high temperatures. It is known 
from laboratory experiments (Chapman, 1955) 
that a few hours’ conditioning will affect the 
temperature responses of Locusta in a similar 
manner. 
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Fig. 8. The feeding of locusts conditioned to low and 
high temperatures. (The vertical lines in Figures 8 and 9 
indicate 95 per cent. confidence limits.) 


The data have also been analysed separately 
for the hot and cool seasons. Table I gives the 
mean monthly temperatures on which the 
separation was based. March to August are 
regarded as cool months, September to Novem- 
ber as hot months, December is not included 
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Table I. Comparison of the Mean Monthly Maximum and Minimum Screen Temperatures (°C.) 


Year 


Month 


April 
1954 Max. 

Min. 
1955 Max. 


| 


| Aug. | Sept. 


| 


Oct. 
36 
19 
37 
21 


July 


20 25 30 


Temperature (°C) 
Fig. 9. The seasonal effect of temperature conditioning 
on feeding. 


because of the very variable 
conditions prevailing during 
that month, and January and 
February are omitted since no 
adults were present at that 
time. Figure 9, which is based 
on data for low-temperature 
conditioning only, shows that 
in the hot months, feeding was 
extensive only above 30°C., 
while in the cool months a 
good deal of feeding was ob- 
served below 25°C., the maxi- 
mum being at about 28°C. 
Similar results were obtained 
for high-temperature condition- 
ing, but with both peaks occur- 
ring at higher temperatures. 6 


50; 


Time spent feeding 


dividual locusts were watched and _ their 
activity recorded at 30-second intervals for 
5 minutes in every 15 minutes. By this means, 
it was possible to obtain a quantitative estimate 
of the amounts of time spent in various activit- | 
ies. Figure 10 shows that feeding was observed 
within a higher range of temperature when the 
locusts were conditioned to high temperature 
than when they were conditioned to low tem- 
perature. 

As a result of this conditioning effect, there 
are various correlations between temperature 
and feeding activity. There is a negative cor- 
relation between the minimum overnight tem- 
perature and the time of first feeding; the lower 
the temperature, the later does feeding begin 
(r= —0.48, df. 31, 0.01>P>0.001). Also 
the upper temperature at which feeding is 
reduced in the hot months is related to the 


12 16 
2 19 20 4 16 
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Independent confirmation of 20 
the conditioning effect was ob- 
tained from observations on 
adult locusts in the field in 
March and April, 1954. In- 


35 
Temperature °C.) 


Fig. 10. The relation of feeding activity to temperature, based on field 
observations of individual locusts. (The figures at the top show the number 
of five-minute observations on which each point was based, and the vertical 
lines indicate 95 per cent. confidence limits). 
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general temperature regime. This is indicated 
by the correlation of this temperature with the 
maximum temperatures on the previous and 
following days (r=0.77, d.f. 16, 0.001>P. 
r=0.78, d.f. 16, 0.001 > P). 


Darkness 

There was no evidence that feeding occurred 
at night. During most months the night temper- 
atures were too low for feeding, having dropped 
below 25°C. within two hours of nightfall, but 
even in October and November, when the 
nights were warm, the amount of food in the 
oesophagus declined sharply after dark. Out of 
78 observations, 76 showed marked decreases 
in the amount of food in the oesophagus 
(X2=70.2, d.f. 1, 0.001>P). 


Seasonal Variation 

The amount of feeding showed a marked 
seasonal variation which could not be ascribed 
to temperature changes. Figure 11 shows the 


10 


Time in hours 


Fig. 11. The monthly variation in the amount of feeding. 
(The upper curve shows the number of hours between 
08.00 and 18.00 hours during which the air temperature 
was between 25 and 35°C.) 


total amount of feeding for each month of 
1955. Only observations between 08.00 and 
18.00 hours, when the locusts might be expected 
to feed, are included. For each month dissections 
of 12 samples of each sex evenly spaced through- 
out the day are available. In order to make all 
the observations strictly comparable each sample 
was corrected to 25. 

The upper curve in Fig. 11 gives the 
average number of hours between 08.00 and 


18.00 hours during which the air temperature 
was between 25°C. and 35°C., which are re- 
garded as the normal limits for feeding. Only 
in November and December was there an 
obvious reduction in the time available for 
feeding which suggests that the seasonal vari- 
ation should be attributed to other, probably 
internal, causes. 

The low level of feeding in March is related 
to recent moulting, the locusts remaining soft 
for some time. The reduction in feeding in 
June to September, when no migratory flights 
were observed, must also be due to the physio- 
logical state of the locusts. Lea & Webb (1939), 
Lea (in Gunn et al., 1948) and Burnett (1951) 
remarked upon this reduction and also upon 
the increase at the beginning of the rains in 
November and December. 


Sexual Variation 

Only in December was there a significant 
difference in the amounts of food eaten by 
males and females, the females feeding contin- 
uously despite the low temperature. A similar 
result was obtained in both 1954 and 1955. 
The difference is probably associated with the 
maturation of the females since this is the 
period of egg development. 

Thus, it appears that the distribution of 
feeding throughout the day is largely determined 
by external factors, particularly temperature, 
but that the seasonal variation in total feeding 
per day must be attributed to physiological 
changes within the insect. 


The Food Eaten by Locusts 

The flora of the Rukwa Valley is extremely 
restricted (see Vesey-Fitzgerald, 1955). Dicotyle- 
donous plants are few both in numbers and 
species. The number of grass species is also 
small; large areas are covered by single species 
in relatively pure stands. Throughout this 
paper the term “grass” is used to include 
Cyperus spp. (sedges) as well as the true grasses. 


Determination of the Food Eaten 

From observations it was believed that 
grasses formed the bulk of locust food. In 
Central Rukwa the common grasses of the 
locust plains are: Echinochloa pyramidalis, 
Cynodon dactylon, Sporobolus robustus, Dip- 
lachne fusca, Hyparrhenia rufa, Cyperus longus 
and C. edulis. With such a small number of 
species it was possible to construct a key for the 
microscopic identification of fragments of these 
grasses in the crop contents of the locusts. 
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Epidermal characters were found to be 
suitable for a rough separation of the species. 
Ten microscope slides were made of each grass 
to show the upper and lower epidermis of various 
parts of leaves and leaves of different ages. 
Size of stomata, presence or absence of spines, 
and sometimes relative sizes of cells were used 
to construct a tentative key. This key is not 
included here since it is not of general interest. 

These epidermal characters were easily identi- 
fiable in slides of locust crop contents. Grasses 
could be separated from Dicotyledons by the 
structure of the stomata, but more easily by the 
character of the food in the gut. Grasses were 
eaten in strips which persisted, at least until 
the food reached the mid-gut, rolled up into a 
bolus. Dicotyledonous leaves were not eaten in 
this way; small, irregular pieces were bitten 
off so that in the crop the food formed a soft, 
more or less homogeneous mass. 

The key to the grasses enabled Echinochloa, 
Cynodon, Cyperus and Diplachne to be separated 
from one another, though the separation of 
Cynodon and Diplachne sometimes presented 
difficulties. Echinochloa, Sporobolus and 


Hyparrhenia could not be separated from one 
another with certainty. This was not especially 
important since the locusts were normally 
collected in an area where only Echinochloa, 


Cyperus and Cynodon were at all frequent. 
Further, the Hyparrhenia remained green for 
only a short time, turning brown in March 
when the first adult locusts were appearing. 
No attempt was made to differentiate between 
the two species of Cyperus, longus and edulis. 
C. edulis was much the commoner, but it 
tended to dry up rather earlier than the more 
succulent C. /ongus. 

It was not known whether a single sample 
of grass from the crop only of a locust would 
give a reliable indication of the food eaten. To 
investigate this, two samples of grass, one 
from the oesophagus and one from the crop, 
were taken from each of 100 locusts collected in 
the field. The same grass was found in both 
samples from 89 of the 100 locusts (X2=60.8, 
0.001>P). From this it was concluded that a 
single sample from each locust would give a 
fairly reliable indication of the food eaten. 


Factors Influencing the Food Eaten 

In the absence of any food preference, the 
grass eaten would depend on three factors: 
the kinds of food available, the displacements of 
the locusts relative to the kinds of food, and the 


times of feeding relative to the displacements, 
The effect of the first factor was limited in this 
work by collecting locusts from a single area 
so far as was possible. The site chosen was an 
area of grassland mosaic, Echinochloa being a 
tall grass (6-10 ft.) and Cyperus and Cynodon 
short grasses (up to 3 ft.). Some variation in the 
collecting site was necessitated when fire 
destroyed areas of grass. These alterations will 
be mentioned in context. Echinochloa and 
Cynodon were available throughout the year 
but Cyperus was available in quantity only 
during and just after the rains, that is, from 
December until May or June. 

Apart from migratory movements, the locusts 
made daily flights out from and back into the 
tall grass in which they roosted overnight. } 
The times of these movements were related to the 
temperature but as a rough generalisation it 
may be said that between 08.00 and 16.00 hours 
the locusts were distributed throughout the 
short grasses, while at other times they were in 
the roosts. Green food was available in the 
roosts only during March, April and May. 
After this the Echinochloa and other tall grasses 
withered, fresh shoots appearing mainly at the 
bases of the stems. From this time the bare, dry 
stems of Aeschynomene sp. (Leguminosae) 
and Pavonia sp. (Malvaceae) formed the roosts, 
so that after May most of the feeding was 
of necessity on or near the ground. 

It is known that activity and feeding are 
closely related (Edney, 1937) so that it is to be 
expected that the displacement of the locusts | 
would be associated with feeding. There is no 
evidence, however, that the displacements are 
directed movements for the purpose of feeding; 
the movement out from the roosts is possibly a 
random scattering rather than a truly directed 
movement. The return to the roosts is un- 
doubtedly directed but it occurs whether food is 
present in the roosts or not. It cannot, therefore, 
be regarded primarily as a feeding movement. 


The Food Present in the Locust Crop 

Grass samples were taken from the crops of 
locusts when they were dissected to determine 
the amount of feeding (Table II). In March, 
feeding occurred in two peaks, one while the 
locusts were in the short grass and a second 
while they were in the roosts. Because of this, 
Cyperus formed the bulk of the food during the 
day and Echinochloa formed the evening meal 
(Fig. 12). Feeding in April tended to continue 
all day so that rather more of the short grasses 
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Table II. Kind of Grass Found in the Crops of Locusts at Different Times of Year 


Percentage of grasses 


Total locusts 


Echinochloa 


55 55 


Echinochloa 
Short grass o-—-o 
x 


noon 
Time 


Fig. 12. The percentages of Echinochloa and short grasses 
found in locust crops at different times of day in March. (The 
figures at the top indicate the total numbers of locusts con- 


taining food at each time interval.) 


was taken, but feeding in the roosts still occurred. 
From May onwards there was little feeding 
in the roosts, and in May 85 per cent. of 467 
locusts examined had fed on Cyperus. In June 
and July some feeding occurred on the regener- 
ating Echinochloa but the bulk was on Cyperus 
and Cynodon, the latter increasing in importance 
as the former dried out. 

The collecting area was burnt out in July, 
1955, so that no food was available and it was 
necessary to collect locusts elsewhere. Regener- 
ation of the grasses began within two weeks of 
the fire but during August, September and 
October, 1955, too few locusts were in the area 


for catching on a suitable scale to be 
practicable. In these months the food eaten 
varied according to the area in which the 
locusts were collected. Cynodon formed 
the bulk of the food in August and 
October and Echinochloa inSeptember. 

In November and December, 1955, and 
October to December, 1954, the locusts 
were collected from the burnt grass lands. 
In October and November, the only 
grasses available were regenerating Cyno- 
don and Echinochloa, both being effectively 
short grasses at this time. Echinochloa 
formed the bulk of the food during these 
months. This was possibly due to the 


adres. additional shade provided by the broad 


leaves of Echinochloa, even when very 
short, as compared with Cynodon. October 
and November are the hottest months 
of the year and the availability of shade 
plays an important part in locust be- 
haviour. At this time locusts were observed 
to flush from areas of Echinochloa but not 
from adjacent Cynodon. 

In December, with the coming of the rains, 
the Cyperus regenerated and reappeared in the 
diet. This was more marked in 1954, when the 
rains began earlier than in 1955, and the Cyperus 
was in a more advanced state. 

In the 13 months of observation, the total 
number of locusts examined was 4,555. Of these, 
95 per cent. had fed on grass leaves, 3 per cent. 
on grass flowers and 2 per cent. on Dicotyledons. 
Six specimens were found to have fed on other 
locusts. There is thus no doubt that grass 
foliage was by far the largest part of the diet. 


67 
Month | 
| Cynodon | Cyperus Others 
TH/55 | 41 6 50 797 
IV/55 | 29 8 54 599 
V/55 5 6 85 467 
vi/55 | 27 12 53 390 
vil/55 39 28 28 321 
VIII/55 | 23 57 15 381 
IX/55 74 19 3 360 
X/54 73 27 0 73 
X/55 | 30 68 0 331 
1/54 82 9 0 390 
7 X1/55 79 20 0 245 
XI/54 6 3 89 35 
| XII/55 68 14 15 171 
15 43 100 
7 75 
x 
° 
° x 
4 ° x 
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Food Preference 
The food eaten by the locusts suggests that 
in the Echinochloa-Cyperus-Cynodon habitat 
they fed on whichever grass was available. To 
compare these grasses with others, some food 
preference experiments were carried out. 


Experiments on Food Preference 


Each morning, locusts were collected in the 
field before they had fed, and 50 were dissected 
to check their state of feeding. Any food found 
in the oesophagus at this time was subtracted 
from the final result. 

Ten locusts were put into each of a series of 
12-litre cylindrical cages. A choice of two 
grasses in similar quantities was provided in 
each cage. Before the locusts were put in, the 
grasses were cut into small pieces which were 
thoroughly mixed together and placed in a 
heap in the centre of the cage. In this way, it 
was hoped to overcome to some extent the 
difficulty of unequal presentation of the different 
grasses. 


The locusts were left in the cages for one 
hour at temperatures varying from 27°C. to 
30°C. After this they were removed and dis. 
sected. Any grass found in the oesophagus 
was identified microscopically. Five grasses, 
Echinochloa, Cyperus, Cynodon, Sporobolus and 
Diplachne, were presented in pairs. Echinochloa 
and Cyperus were not compared with Sporobolus 
because of the difficulty in distinguishing 
between them microscopically. Echinochloa and 
Cynodon were used in “‘fresh” and “‘dry’’ forms, 
These terms are used only comparatively and 
somewhat subjectively, the dry form still being 
quite green. At least 150 locusts, in batches of 
10, were fed with each combination of grasses. 
In some cases, greater numbers were used, 
but, for the sake of comparison, all the totals 
have been reduced to 150. 

Table III shows that fresh Echinochloa was 
preferred to all the other grasses and fresh 
Cynodon to all except fresh Echinochloa. Fresh 
Cyperus ranked third while even dry Echinochloa 
and dry Cynodon were preferred to Sporobolus 


underlining indicates a significant difference.) 


Echinochloa Cynodon 


(fresh) (fresh) 


Echinochloa 
(dry) 


Cynodon 


Sporobolus 
(dry) 
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26 18 
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65 
92 


68 
and 
only 
Fact 
Al 
factc 
obvi 
cont 
gras: 
was | 
whic 
cond 
but 
of th 
leaf 
thele 
gras: 
the 
| | loa 
| Cype 
| 28 were 
11 3 
Tal 
3 
37 19 
5 | 4 
44 10 
38 1 
38 4 
67 4 
54 12 
5 H 
38 6 N 
12 10 R 
11 7 E 
15 12 


CHAPMAN: OBSERVATIONS ON THE FEEDING OF ADULTS OF THE RED LOCUST 


69 


Table IV. Hardness (in grams) of Leaves of Grasses. (Each figure is the average of ten tests. (*) indicates significant 
difference from next on right; (**) indicates significant difference from next but one on right.) 


Cynodon 
(fresh) 


Echinochloa 


Cyperus 
(fresh) | 


| Echinochloa 
| (dry) 


Cynodon Sporobolus 
(dry) 


7-8* 


14-4* | 


25-6** 34-6 46-1 


and Diplachne, although this preference was 
only significant in the case of dry Echinochloa. 


Factors Influencing Food Preference 

An ‘attempt was made to determine the 
factors influencing food preference. The most 
obvious factors to be investigated were moisture 
content and toughness of the grasses. 

To test the relative toughness of the various 
grasses, a simple penetrometer (Williams, 1954) 
was constructed. For each test, leaves were used 
which, for any one grass, were all in a similar 
condition. The centre of the leaves was tested, 
but the main central vascular bundle, when 
present, was avoided. In thick leaves, the pin 
of the penetrometer tended to pass through the 
leaf at an angle instead of vertically, and this 
caused some variation in the results; never- 
theless a definite order of toughness in the 
grasses tested was apparent. 

Fresh Cynodon was distinctly softer than all 
the other grasses (Table IV), with fresh Echinoch- 
loa next in order of increasing toughness. 
Cyperus and dry Cynodon were tougher, but 
were softer than Sporobolus and dry Echinochloa. 


Diplachne could not be tested because the leaves 
split before the needle had penetrated fully, but 
it is a hard, fibrous grass and is probably tougher 
than all the others. 


Facilities were not available for drying the 
grasses properly, so the results are not entirely 
satisfactory. As a convention, each grass sample 
tested was dried for three hours at 95°C. 
Further drying at this temperature produced no 
further loss in weight. It is improbable that the 
water not driven off in these circumstances could 
in any way influence the “choice” of the locusts; 
the results are therefore considered adequate 
for the present needs. 

The moisture content of Echinochloa, both 
fresh and “dry”, and Cyperus exceeded 70 per 
cent. (Table V). This was markedly higher than 
in fresh Cynodon and Sporobolus, in which the 
moisture content was about 60 per cent., and 
this, in turn, exceeded that for Diplachne and 
“dry”? Cynodon (about 55 per cent.). 

From Tables IV and V, the grasses may be 
ranked in order of increasing hardness and 
decreasing moisture content (Table VI). The 


Table V. Percentage Moisture Content of Leaves of Grasses. (Each figure is the average of ten tests; asterisks used as 
in Table IV, with the addition of (***) to indicate significant difference from next but two.) 


— 


Echinochloa Cyperus 
resh) 


(fresh) 


Cynodon 


Sporobolus | Diplachne Cynodon 


(dry) 


(ary) | 
| 


59-8* 55-6 54-5 


| 


Table VI. The Grasses Ranked in Increasing Order of Hardness and Decreasing Order of Moisture Content 


Echinochloa 
(fresh) 


Cyperus 


Cynodon 
(dry) 


Echinochloa Sporobolus | Diplachne 
(dry) 


Hardness 

Moisture 

Rank totals 
Expected preference 
Observed preference 


3 
1 
4 
2 
3 
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6 
5 
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softest grass, fresh Cynodon, is given the hard- 
ness rank | and the hardest grass, Sporobolus, 
rank 6. Diplachne, which was not tested properly, 
is ranked 7. In the same way the moister grasses, 
Echinochloa and Cyperus, are ranked 1 in order 
of moisture content, while the driest, dry 
Cynodon and Diplachne, are ranked 6. Assuming 
that the locusts “‘prefer’”’ the softer and moister 
grasses, a theoretical order of preference, based 
only on hardness and moisture content, may 
then be obtained by summing the rankings for 
each particular grass. This gives the order of 
preference as fresh Echinochloa, Cyperus, fresh 
Cynodon, dry Echinochloa, dry Cynodon, Sporo- 
bolus and Diplachne. The observed order of 
preference agrees with this except that fresh 
Cynodon was preferred to Cyperus. 

This close similarity between theoretical and 
observed preferences suggests that toughness 
and moisture content of the grasses are of 
considerable importance in influencing the 
“choice” of the locusts. In the field, other 
factors, such as the stature of the grass, may 
also be important. 


The Significance of Food Preference 

When all the grasses are presented in a 
similar manner in cages, locusts do exhibit a 
distinct food preference. Further experiments 
were carried out to investigate the significance of 
such a preference in the lives of the locusts. 

A series of mortality experiments was carried 
out using Echinochloa, Cynodon, Sporobolus and 
Diplachne as food. These experiments were 
hampered by the difficulty experienced in keep- 
ing the locusts healthy in cages. Ordinary cage 
mortality was somewhat reduced by keeping 


them for a few days before using them in the 
experiments. This eliminated mortality due to 
rough handling in catching, but mortality was 
still excessively high. 

Ten cages, each containing ten cage-con- 
ditioned locusts, were set up for each of the 
four grasses. The grass was kept fresh in water, 
and in addition moisture was supplied in a 
cotton wool pad and by watering the cages four 
times a day (Albrecht, 1953). This experiment 
was continued for ten days, fresh grass being 
supplied each day and the dead locusts re- 
moved and replaced as far as possible with other 
cage-conditioned locusts. Throughout the exper- 
iments the maximum temperature ranged from 
33°C. to 37°C. and the minimum from 18°C. 
to 23°C. 

Table VII gives the total mortality in each 
of the cages at the end of ten days. There was 
significantly less mortality among the locusts 
fed on Echinochloa than among those fed on 
Cynodon and Diplachne. No other differences 
were observed. 

A second series of cages was set up, identical 
with the first except that the dead locusts were 
not replaced. The total mortality after three 
days is given in Table VIII. Again, there was 
significantly less mortality among locusts fed 
on Echinochloa. 

The survival rate was thus significantly greater 
when the locusts were fed on Echinochloa. 
This may have been due merely to the higher 
water content of Echinochloa, but the amount of 
water supplied in other forms suggests that this 
was not so. 

In the field, a differential survival rate could 
only lead to apparent concentration (Kennedy, 


Table VII. The Total Mortality Over a Period of Ten Days Among Locusts Provided with Different Grasses. (Locusts 
that died were replaced.) 
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Table VIII. The Total Mortality Over a Period of Three Days Among Locusts Provided With Different Grasses. 
(Locusts that died were not replaced.) 


Cage 


Grass 


Echinochloa 


Sporobolus 


Diplachne 


— 


DOIN 
— 


Total 


~ 


1939). This is not important in swarm form- 
ation. Echinochloa could assist the locusts to 
survive the dry season since it remains green 
when most of the other grasses have dried up. 
Beyond this, food preference can have no 
significance in the field unless there is a tendency 
not to feed when the more acceptable grasses 
are absent. 

A study of Table III suggests that the number 
of locusts feeding was greater when one of the 
more acceptable grasses was present than when 
both grasses were low in the order of preference. 
On the four occasions when fresh Echinochloa 
was present in a combination of grasses, totals of 
44, 86, 76 and 95 out of 150 locusts took food. 
When dry Cynodon was the more acceptable of 
two grasses only 22 and 18 out of 150 locusts fed. 

To confirm that the amount of feeding was 
influenced by the grasses present, a series of 
cages was set up in exactly the same manner as 
in the food preference experiments except that 
each cage contained only a single grass. The 
number of locusts that fed was determined by 
dissection after one hour. 

The results (Table IX) show that there was 
significantly more feeding on Echinochloa than 
on the other grasses even when there was no 
choice of food. This remained true even when 


the locusts were starved for periods up to 108 
hours before feeding (Fig. 13) or when they were 
given up to five hours in which to feed (Fig. 14). 

It was of some importance to determine 
whether or not such differential feeding also 
occurred in the field, but, because of the dis- 
tribution of the locusts, it was seldom possible 


x) 


Average number feeding per, cage 


36 60 84 

Houss of starvation 
Fig. 13. The average number of starved locusts, per cage 
of ten, that fed on Echinochloa or Diplachne when there 
was no choice of food. (Each point is based on results 
from five cages.) 


Table IX. Numbers of Locusts that Fed on Different Grasses When There Was no Choice of Food. (Ten locusts per cage.) 


Echinochloa 


Cynodon 


Sporobolus 


Diplachne 


No. of cages used 


Mean no. of locusts feeding per cage 
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Echinochloa x 
Diplochne o---0 


number feeding per 


5 
Time with food in hours 


Fig. 14. The average number of locusts, per cage of ten, 
that fed on Echinochloa or Diplachne when there was no 
rps of food over a period varying in duration up to 
5 hours. 


to collect adequate numbers from two areas 
of different vegetation at the same time. On four 
occasions samples were collected simultaneously 
in adjacent areas of Echinochloa and Sporobolus 
at times when the locusts were known to be 
feeding; on two of these occasions the locusts 
collected in Echinochloa contained significantly 
more food than those collected in Sporobolus 
(Table X), and on the other occasions the 
amounts of food eaten were similar. 


Ellis, 1951; Chapman, 1954). If the amount of 
feeding varies from one grass to another, 
changes in the locust distribution would be 
expected. For instance, locusts in areas of 
Sporobolus would feed less and be more active 
than those in Echinochloa. This would lead, 
ultimately, to concentration of the locusts in 
the Echinochloa. Such real concentration is very 
important to swarm formation. 


Some evidence for differences in flight 
activity in different types of vegetation was 
obtained from marking and recovery experi- 
ments. In April 1954, many locusts were marked 
with paint. To facilitate the marking of large 
numbers, marking was carried out in popula- 
tions that were of fairly high density, but were 
not actively swarming. One group of locusts { 
was marked in an area of Echinochloa, another 
in Sporobolus. Locusts caught in the different 
areas were given different marks. Recoveries 
were made after control operations, large 
numbers of the dead locusts being examined. 

The population in Sporobolus dispersed by 
the evening after marking, but that in Echinoch 
loa remained fairly static, 67 marked locusts 
being recovered in the same place when the 
area was sprayed 18 days later. Examination 
of the recoveries made (Table XI) shows that 
the distance moved by the locusts, irrespective 
of the time taken, was greater from the Sporo- 


Table X. The Amount of Food in the Oesophagus of Locusts Collected Simultaneously in Echinochloa and Sporobolus, 
Expressed as a Percentage of the Maximum Possible if all Locusts were ‘‘Full’’ (see page 60) 


Echinochloa 


Sporobolus 


Date | Time 
dissected 


No. of locusts 


No. of locusts % 
dissected food 


17.00 hrs. 
16.30 hrs. 
10.00 hrs. 
16.30 hrs. 


12 Aug. 55 
18 Nov. 55 

19 Nov. 55 | 
19Nov.55 


50 67 
28 12 
51 18 

6 42 


Thus, it has been shown that in the laboratory 
the number of locusts feeding depends to a 
great extent on the grasses present. There is 
also some evidence that the locusts may dis- 
criminate in a similar manner in the field. 


The Effect of Vegetation on Locust Activity and 
Distribution 

It is known that locusts are more active when 

starved than when fully fed (Edney, 1937; 


bolus marking than from the Echinochloa 
marking. If, to avoid bias due to unequal 
distribution of the recovery operations relative 
to the marking operations, only recoveries 
between | and 34 miles of marking are con- 
sidered, it is seen that 17 recovery operations fell 
within these limits from the Sporobolus marking 
and 24 from the Echinochloa marking, the mean 
distance from marking to recovery in both 
cases being 24 miles, 
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Table XI. The Distance Traversed by Locusts Marked in 
Areas of Echinochloa and Sporobolus in April, 1954 


No. of 
locusts 
recovered 


Time taken 
in days 


Distance 
in miles 


Grass at site 


of marking 


Echinochloa 67 
| 3 
12 


Sporobolus 


34 


43 


In these operations, 21 locusts marked in 
Sporobolus and 30 marked in Echinochloa 
were recovered, the mean distance moved 
being 2.3 miles and 1.5 miles, respectively. The 
difference between the means is significant 
(t=3.2, d.f. 49, 0.01>P>0.001). This takes 
no account of the time interval between mark- 
ing and recovery, which was significantly less in 
the case of Sporobolus than in that of Echinochloa 
(means 11 and 15 days, t=2.6, d.f. 39, 0.01>P> 
0.001). Thus, the locusts marked in Sporobolus 
moved further in a shorter time than those 
marked in Echinochloa. 

These results suggest that locusts may be 
more active in Sporobolus than in Echinochloa. 


Discussion 
It is generally recognised that Nomadacris 
shows a preference for roosting in the taller 
grasses within its habitat (Lea & Webb, 1939; 
Gunn et al., 1948; Vesey-Fitzgerald, 1955). 


The importance of a mosaic of tall and short 
grass has been stressed by all these authors, 
but rather from the point of view of the physical 
structure of the vegetation than from that of its 
value as food (see, for instance, Vesey-Fitzgerald, 
1955, p. 16). Echinochloa has been regarded as 
important in relation to concentration, but only 
because of its height. 


The data here presented on food preference 
and activity in relation to feeding suggest that 
Echinochloa may also be important as a food 
plant. Kennedy (1939, p. 413) says: 

“Before deciding the role of a plant in concentration, 
it must be known not only that it is preferred to 
others in cages, but if it is not immediately avail- 
able, by what means it is found, whether the 
preference is strong enough to cause the rejection 
of others and protracted wandering and, lastly, 
whether, preference or no preference, survival or 
developmental rates are different on other food 
plants.” 


A certain amount of information has been 
obtained on these points in the case of Noma- 
dacris. Echinochloa is generally preferred to 
other grasses in cages, and the amount of 
feeding differs according to the food available, 
less acceptable foods being eaten only slightly 
even in the absence of a choice. This is of great 
importance if the food value of the plants is to 
lead to concentration. Greater activity would 
be expected in locusts eating less acceptable 
foods so that concentration in zones of the 
more acceptable grasses would result. Data 
obtained by Mr. I. A. D. Robertson of the 
International Red Locust Control Service, 
show that most of the locusts are normally 
to be found in areas of Echinochloa and in 1954 
and 1955, a directed movement of the locusts 
was observed which led to their concentration 
in places where this grass was dominant. There 
is also evidence that the activity of locusts in 
the field is greater in the less acceptable grasses. 
Further, survival rates differ according to the 
food present, Echinochloa being the most 
favourable. This may be important during 
the dry season since, not only is Echinochloa 
a very moist grass but, growing in somewhat 
swampy areas, it remains green after the other 
grasses have dried. 


There is no doubt that the physical nature 
of the vegetation is important, but until the 
significance of roosting as a part of locust 
behaviour can be determined it will be difficult 
to separate with certainty the various parts 
played by vegetation in concentration. 


| 10 | 2 

| 2 16 

1k | 

y 12 | 1 

| 3 | 2 | 2 

| 3 | 

| 33 2 

| 4 | 2 

| 30 1 


74 THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR, V, 2 


Summary 

A study has been made of the feeding be- 
haviour of the Red Locust in the Rukwa 
Valley, Tanganyika. 

The amount of food in the oesophagus was 
used as an indication of feeding. It was found 
that the rate at which the oesophagus emptied 
varied with temperature. 

In March, October and November, feeding 
occurred in morning and evening peaks and 
was reduced in the middle part of the day. 
From April, when it continued all day, it 
steadily declined, and reached a minimum in 
September. 

Analysis showed that feeding was greatest 
between 26°C. and 34°C. but the exact limits 
varied according to the temperature condition- 
ing of the locusts, being higher when they were 
conditioned to high temperatures and lower 
when they were conditioned to low ones. This 
applied both during the course of a day and 
from season to season. 

There was no evidence of feeding at night. 

It was concluded that the seasonal variation 
in feeding must be attributed to physiological 
changes within the locusts, as must a marked 
- increase in feeding in females as compared with 
males which occurs in December; only at the 
time when the eggs were developing were marked 
differences between males and females in this 
respect observed. 

A rough key was constructed to enable the 
crop contents of locusts to be identified. The 
species and condition of the food eaten de- 
pended not only on the choice available but 
also on the displacements of the locusts relative 
to the food. Mostly short grasses were eaten 
except in March and April when food was also 
available in the roosts. Of 4,555 locusts examined 
95 per cent. had fed on grass leaves. 

In food preference experiments, Echinochloa, 
Cynodon and Cyperus were the most acceptable 
grasses. Analysis suggested that these were 
the grasses with softest leaves and highest 
moisture content. 

Mortality experiments suggested that the 
survival rate was highest in Echinochloa. 

The number of locusts that fed depended on 
the grass present even in the absence of choice. 
More fed on the soft, moist grasses than on the 
drier, harder ones. Thus, far more fed on 
Echinochloa than on other grasses. This was 
true even after long periods of starvation. An 
indication was obtained that the locusts differ- 
entiated similarly in the field. 


Marking and recovery experiments suggested 
that activity was related to the vegetation 
present in the habitat. Locusts marked in 
Sporobolus moved farther in a shorter time than 
those marked in Echinochloa. 


The distribution of the locusts was associated 
with the vegetation, and concentration into 
zones of Echinochloa was an active, directed 
movement. 


Echinochloa is an important factor in Red 
Locust behaviour in the field. The evidence 
brought forward indicates that its importance 
may be associated with its value as food as well 
as its physical properties. 
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PROCEEDINGS OF THE ASSOCIATION FOR THE STUDY OF 
ANIMAL BEHAVIOUR 


An Ordinary Meeting of the Association was held on Tuesday, 16th October, 1956, in the 
Department of Psychology, Birkbeck College, Malet Street, London, W.C.1., by kind permission 


of Professor C. A. Mace. The President, Dr. N. Tinbergen, was in the Chair, and the following papers 4 


were read. 


SOME EFFECTS OF CHANGES OF TEMPERATURE AND OF THE PHYSICAL NATURE OF 
THE ENVIRONMENT ON THE ACTIVITY AND BEHAVIOUR OF MEALWORM LARVAE 
(Tenebrio molitor) 


By K. MELLANBY anb R. A. FRENCH 
Rothamsted Experimental Station, Harpenden 


Many poikilothermous animals, when exam- placed on a surface of bran buried themselves 
ined at different temperatures within their very rapidly, e.g. 10 larvae were usually out of 
range of normal activity (i.e. above the chill sight in under 30 seconds. The rate of burrowing 
coma temperature and below the thermal death of such larvae was more rapid at high than at 
point) have a fairly constant rate of movement low temperatures (the chill coma temperature 
characteristic of each temperature. If the below which no burrowing occurred was 
average rate of movement at each temperature approximately 8°C.), but was so quick even a 
is plotted graphically against the appropriate few degrees above the chill coma temperature 
temperature, a smooth curve can usually be that differences were difficult to measure. 


drawn, similar to curves relating many meta- 
bolic processes to temperature. 

Results obtained using larvae (usually about 
two thirds grown, weighing approximately 100 
mg.) of Tenebrio molitor were very erratic. In 
the first experiments, the rate of progression 
over blotting paper was measured. Although 
larvae moved on the average more rapidly 
at higher than at lower temperatures, individual 
larvae and groups of larvae gave very discordant 


When larvae were removed from bran and 
kept for an hour or longer in an empty tube, 
their burying reaction was quite different. Out 
of 10 such larvae, 8 or more were often still 
unburied after three minutes. If such larvae 
were covered with bran for one hour or more, 
when removed from the bran they were found 
to have recovered their normal, rapid, burrow- 
ing reaction. 


results. As movements over blotting paper is = Larvae from an empty tube burrowed more 
not a normal experience for mealworms, their rapidly into bran when the temperature was. 
rate of burrowing into bran was measured in- lowered or raised; this change in temperature | 
stead (this is a normal reaction to various seemed to some extent to counteract the effect 
stimuli). Larvae removed from a culture and of removing the normal cutaneous stimulus. 


CHANGES IN THE BEHAVIOUR OF GOATS FOLLOWING ABLATION OF THE 
ORBITO-FRONTAL LOBES OF THE CEREBRAL CORTEX 


By E. C. AMOROSO, F. R. BELL anp A. M. LAWN 
Department of Physiology, Royal Veterinary College 


The pattern of normal rumination behaviour In five goats the orbito-frontal pole of the 
was established by means of records of jaw cerebral cortex was removed bilaterally and the 
movements. In addition, prehension of food, animals re-examined. 
drinking ability, locomotion and conduct in a Rumination was recorded within a few hours 
maze was recorded cinephotographically. of the operation but marked variations in the 
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, ‘rumination cycle length was noted and these Locomotion was only slightly impaired and 
irregularities in the reticulo-ruminal contract- recovery was complete after two months. The 
ions. Movements of the lips was abolished for operated goats were unable to escape from a 
10-14 days, but after 70 days restoration of simple maze at first but after 70 days this dis- 
. function was complete; during this period ability was almost completely overcome. 
in the masticatory and deglutition reflexes were normal. Although agility was restored the animals 


nission The ability to drink was also lost and although remained dull and lethargic. 
papers , recovery occurred, the normal method of 
drinking by suction was only partially restored. These changes were illustrated by a film. 
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BOOK REVIEWS 


The Androgens. Biochemistry, Physiology and 
Clinical Significance. By RALPH I. DORFMAN 
and REGINALD A. SHIPLEY. London: Chap- 
man and Hall. 1956. Pp. xvii + 590. 108s. 


The title of this book aptly describes its 
contents. As the first published work to be 
devoted entirely to androgens it should quickly 
establish itself as the authoritative reference 
text in this sphere. No important aspect of the 
study of androgens seems to have been neg- 
lected. That so much material has been harvested 
in a book of fairly modest proportions is indeed 
a notable accomplishment. It has been made 
possible by the terse and factual style, and by the 
profuse array of graphs and tables, clinical 
photographs and histological microphotographs, 
formulae and schema of metabolic conversions, 
and other miscellaneous figures. To the student 
of animal behaviour the emphasis on clinical 
topics (approximately half the text) will perhaps 
be unwelcome. However, the physiological 
section of the book deals with fish, reptiles, 
amphibia and birds as well as mammals and 
includes a short chapter on androgens and 
behaviour. 

B.A.C. 


The Hormones. Physiology, Chemistry and 
Applications. Volume III. Edited by GREGORY 
Pincus and KENNETH THIMANN. New York: 
Academic Press Inc. 1955. Pp. xiii + 1012. 
£7 17s. Od. 


Like its predecessors this volume poorly 
reflects the interest of ethological workers in 
hormones. Upwards of 5,000 papers cited 
in the text contain a mere handful concerned 
with hormonal effects on behaviour; the word 
is not even to be found in the subject index. 
This is not to deny the usefulness of the book 
to students of animal behaviour. There is, per- 
haps, still a tendency, among some writers 
at least, to regard hormones as “‘billiard balls’’ 
cannoning neural centres mediating innate 
behaviour patterns. Perusal of this book will 
rapidly convince the reader of the crudity of 
such a view. For example the chapter by R. L. 
Noble on the physiology of the adrenal cortex 
and that by R. I. Dorfman on steroid hormone 
metabolism serve as chastening reminders of 
the complexity of endocrine secretions, both as 
regards their chemistry and the range of their 
functional activities within the organism. Among 


the remaining thirteen chapters are included 
authoritative contributions on the thyroid, 
parathyroid, anterior and posterior pituitary 
glands, ovarian and testis hormones, islets of 
Langerhans and plant growth hormones. Three 
of the articles may prove of particular interest 
to behaviour students. J. H. Welsh in a chapter 
headed “‘Neurohormones”’ writes on the con- 
tinuum of chemical transmitter processes in 
nervous elements ranging from acetyl choline 
release from peripheral nerve endings to the 
formation of neurosecretory material in cells 
of the CNS, and in animals as widely separate 
as molluscs and mammals. B. Scharrer dealing 
with hormones in invertebrates considers par- 
ticularly the hormonal control in crustaceans 
and insects of growth, moulting, reproduction, 
metabolism and colour changes. Finally, the 
chapter by A. T. Cowie and S. J. Folley besides 
surveying recent advances in the physiology 
of gonadotrophins and prolactin, also provides 
a critical appraisal of the hypothesis that the 
anterior pituitary gland is controlled via the 
hypophysial portal system of blood vessels. 

It is a pity that the high cost of the book will 
place it outside the personal possession of 
many who would otherwise consult its pages 
frequently and with profit. 

B.A.C. 


Dwellers in Darkness. By S. H. SKAIFE. London: 
Longmans Green. 1955. Pp. 134. 25s. 


There are few sound books on Termites which 
treat of them in general terms and so this book 
of Dr. Skaife’s is more than welcome. Based on 
long and careful observations, the book deals 
with the black-mound termite, Amitermes 
atlanticus of the Cape Province, the organisation 
of its nest, its food, the termitophilous insects 
which live with it and the parasites that live in it. 
The author avoids anthropomorphism in general 
though he lapses, forgivably, once or twice. 


. Many of the facts he details are the result of 


78 


simple experiments which he also describes— 
useful material for anyone wanting to demon- 
strate how mere complexity of experimental 
method is no insurance of results. Clearly this 
book must be of the greatest use to a teacher in 
areas where Termites are available as well as to 
someone who merely wants an accurate account 
of the biology of one species of Termite. 
J.D.C. 
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Bird Navigation. By G. V. T. MATTHEWS. 
Cambridge University Press. 1955. Pp. vii 
+ 141. 12s. 6d. 


In this book, the third of the Cambridge 
Monographs in Experimental Biology, Dr. 
Matthews has the double purpose of critically 
summarizing our knowledge of bird navigation 
and of presenting his own suggestion that 
navigation derives completely from the sun. 
In his first aim he is completely successful; the 
material, widely dispersed in scientific and non- 
scientific journals of many countries, is ex- 
cellently reviewed and he has provided an in- 
dispensible source book. In his second aim, 
however, Dr. Matthews is less successful in 
convincing us that he is right than he was in 
convincing us that other people were wrong. 

Today it is admitted that certain species of 
birds can show a true two-dimensional navi- 
gational ability. This position is due in no 
small measure to Dr. Matthews’ own contri- 
butions: he recognised that the type of large 
scale homing experiment performed before the 
late war and associated particularly with the 
names of Riippell, Griffin, Watson and Lashley 
in fact did not inescapably demand a true navi- 
gational ability and that a complete demon- 
stration should combine return to home from 
unknown country, in a time much shorter than 
required by mere search using topographical 
and ecological clues, with a clear non-random 
orientation towards home on release. This 
demonstration Dr. Matthews convincingly 
achieved in a long series of experiments both 
with the domestic pigeon, a bird from which 
it is notoriously difficult to extract significant 
results owing to its curious interrelationship of 
navigational ability and training, and the 
Manx Shearwater, a most satisfactory bird 
whose remarkable abilities had been earlier 
hinted at in the work of Lack and Lockley. A 
striking feature of this work of Matthews was 
that the initial orientation was severely im- 
paired if release took place under heavy over- 
cast. This result is consistent with the work of 
Kramer and others which shows that several 
species can use the sun for establishing direction 
and so presumably use it for migrational flights. 
This, however, is an essentially one-dimensional 
problem unlike the true navigation that we now 
discuss. 

At this same time as the facts of two- 
dimensional navigation were being placed on a 
firm basis Dr. Matthews and others subjected the 
wide range of theoretical hypothesis, magnetic, 


Coriolis and kinaesthetic receptors to severe 
criticism with the result that by the time the 
phenomena had been satisfactorily established 
the theories had been equally satisfactorily 
disposed of. The first and lengthier part of this 
excellently written and presented book brings 
us to this point. The treatment is partly histor- 
ical and partly logical; it is also lively. 

In the second part of the book the author 
elaborates his own thesis that complete bird 
navigation is accomplished by a combination 
of an accurate sense of the passage of time 
and sufficiently accurate observation of the sun 
to enable both latitude (by the constructed 
noon altitude) and longtitude (by the con- 
structed azimuth compared with local time at 
home) to be found, or equivalent information 
from equivalent observations. While it now 
appears most likely that the sun is an important 
datum in bird navigation it cannot be admitted 
that Dr. Matthews has as yet presented sufficiently 
complete and verified data to convince the 
reader, whose scepticism of any theory of bird 
navigation has been strengthened by the 
destructiveness of Dr. Matthews’ own criticism 
of all others, that the sun is the whole story. 
Indeed if Dr. Matthews had levelled at his own 
suggestion the critical apparatus that he dis- 
charged so devastatingly against the theories 
and experiments of others he could not have 
been so positive in his conclusion that the 
problem of bird navigation is basically solved. 

The progress of our understanding of bird 
navigation during the last ten years has been 
enormous and this book, following the 
excellent reviews of Griffin, is able to state the 
problem for the first time in unambiguous terms 
and clears away a greater clutter of mis- 
conception. But the picture is not yet complete 
and one must look to a later disclosure for the 
full understanding of a great mystery. 

D.H.W. 


Finches. By 1. HARMAN. Wisconsin: All-Pets 
Books Inc. 1955. Pp. 138, 4 colour plates. 
$4.00. 

A guide to the care of “‘finches” in captivity. 
Notes on cages, aviaries, food and diseases are 
included, as well as details about the identi- 
fication and habits of many species. The species 
are grouped according to an unnatural classi- 
fication (e.g. Passer in Fringillinae) and the 
directions for the treatment of diseases are out 
of date (e.g. the use of antibiotics is not men- 
tioned). Otherwise a useful book for the amateur 
aviculturist, R.A.H, 
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Edited with the co-operation of leading 
specialists by Professor Dr. O. KOEHLER, 
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OBSERVATIONS ON HONEYBEES EXAMINING AND LICKING THEIR 
QUEEN 


By M. DELIA ALLEN 
Bee Research Department, North of Scotland College of Agriculture, Aberdeen 


Introduction 

It is now established that worker honeybees 
attending the queen frequently lick her body 
as well as examining it with their antennae 
(Ribbands, 1953), and recently Butler (1954) 
has postulated that this is the means by which 
some workers obtain “queen substance”’ from 
the body of the queen, to pass it on later to 
Bother workers during food transmission. In 
support of this theory Butler carried out a group 
of observations in which he found that slightly 
more workers tended to lick the queen than to 
examine her with their antennae. Because of the 
importance that has been attached to the dis- 
semination of “queen substance”’ as a means of 
informing the colony of the presence of its 
queen, the work described in this paper was 
carried out, since it seemed likely that the 
proportions licking and examining the queen 
might vary according to a number of factors, 
including the degree of activity of the queen, 
the time of year, the state of the colony (i.e. 
whether about to swarm, etc.) and possibly the 
race or strain of bee. 


Method 

Observations were made in June and August, 
1954, in May, June, July, August and September, 
1955, and in January, March and April, 1956, 
on two colonies of locally obtained black 
bees housed in observation hives which allowed 
the bees free flight. Colony A (1954) consisted 
initially of about 6,000 bees and a year-old 
f queen in a 3-frame hive, and colony B (1955 
and 1956) initially of about 7,000 bees and a 
year-old queen in a 4-frame hive. Colony A 
commenced queen cell formation on 9th June 
and swarmed on 7th July at a strength of 10,000 
bees. In late July, after swarming was com- 
pleted, its strength was about 3,000 bees. 
Colony B did not begin building queen cells 
rapidly until 24th June, although two queen 
cups were formed on 26th May and 16th June 
respectively. The colony swarmed on 7th July 
(the same date as colony A in the previous 
year) and soon after this it consisted of about 
5,000 bees. By January, 1956, the number had 


fallen to about 3,000 bees. During the winter 
months the internal temperature of the colony 
was maintained at about 88°F. by a heating 
unit. Estimations of colony size were made by 
the visual method described by Jeffree (1951). 

Each group of observations comprised tweive 
counts, made at five-minute intervals, of the 
number of workers engaged in either examining 
the queen with their antennae or licking her. 
The method of making the counts was to start at 
a definite point in the circle of attendants and 
to move round the circle until the same point 
was reached again, counting the number of 
bees licking and the number examining. The 
type of activity shown by the queen at the time 
of each count was also noted, being classified 
as either “stationary,” “moving” or “laying.” 
This division was admittedly somewhat arbit- 
rary since a certain amount of overlapping 
occurred between the groups. For example, 
when the queen was laying eggs over a period 
of several minutes her movements from one 
cell to another were often of very short duration 
and therefore might have been placed in the 
“laying” and not in the “moving” category. 
Nevertheless, it was felt that the present system 
of strict adherence to the actual activity at the 
moment of the count gave a satisfactory general 
picture. 

Butler (1954) gives figures for the length of 
time each worker spends licking the queen 
continuously, and my unpublished results 
confirm his view that the mean time is about 
one minute, although considerable variations 
occur. However, the period is sufficiently long 
for a count occupying only a few seconds to be 
representative. 


Results 


The records of colony A cover the greater 
part of the period when swarm preparations 
were being made, while three-quarters of the 
summer period covered in colony B (i.e. from 
13.5.55 to 22.6.55) may be regarded as repre- 
senting fairly normal conditions in a small 
colony before any swarm preparations are 
made, and only the last quarter represents a 


i 
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Table I. Mean Value for Twelve Counts at Five-minute Intervals (Year-old Queen) 


| 
Activity of queen during 12 counts ' No. of eggs 
Date | Mean number | Mean number | laid by queen 
Licking Examining Stationary Moving | Laying ‘ in 1 hour 
Col ny A | | 
12.6.54 0-1 6:3 4 5 3 
14.6.54 0-8 8-7 9 0 3 
15.6.54 0-1 5:8 4 8 0 
16.6.54 0-7 1-7 11 0 1 
17.6.54 0:7 | 71 7 3 2 
18.6.54 0-9 7:3 8 4 0 
19.6.54 0:2 78 7 4 1 
21.6.54 0-4 7:8 5 6 1 
22.6.54 0-1 6:2 8 3 1 
23.6.54 0-2 72 4 6 2 
26.6.54 0-1 8-5 4 5 3 
28.6.54 0-0 8-2 | 7 3 2 
Colony B 
13.5.55 1-1 9-4 7 4 1 22 
19.5.55 0:8 6°8 6 4 2 23 
20.5.55 2:2 9-5 10 1 1 19 
24.5.55 1-4 13-7 5 2 b 39 
26.5.55 1-0 11-4 6 4 2 31 
215.55 0-8 8-9 9 1 2 ar 
31.5.55 0:8 76 6 3 3 42 
7.6.55 | 1-2 73 8 2 2 6 
8.6.55 1:1 76 Ss... 5 2 14 
10.6.55 0-4 7:2 6 6 0 24 
17.6.55 1-1 11-3 10 1 1 20 
22.6.55 0-9 11-5 8 3 1 25 
24.6.55 0-9 9-7 8 2 2 25 
28.6.55 2-6 71 6 5 1 26 
13.55 0:2 98 5 4 3 19 
6.7.55 0:1 7:3 2 7 3 21 
Overall | 
Mean (A+B) 0:7+0°1 °8:3402 | 30% 15% 


period of swarm preparations similar to that 
in colony A. The winter observations on colony 
B will be considered later. 

Table I gives the mean values for each group 
of observations, and also the number of occa- 
sions on which the queen was either stationary, 
moving or laying when the counts were made. 
The total number of eggs laid during each hour 
which a group of counts occupied was re- 
corded for colony B, and can be seen to remain 
relatively steady. Previously published figures 
for colony A (Allen, 1955) indicate that here 
also the position was similar. 

Table I shows that in all cases the mean 
number of bees examining the queen with their 
antennae considerably exceeded the mean 
number licking her. The mean number attending 
the queen at any one time was 7.7 + 0.2 for 
colony A and 10.1 + 0.3 for colony B, although 
this number varied according to the activity 
of the queen (see Table II). On most occasions 


the queen was stationary but during a number 
of counts she was walking over the comb at 
varying speeds. In fewer cases she was laying 
an egg while the count was made. In colony B 
after swarm preparations started there was no 
striking change in the number of attendants or 
in the proportion of those licking and examining. 

When the figures for colony A and colony B 
were combined, it was found that the mean 
number of attendants when the queen was 
moving over the comb was 6.2 + 0.3, rising to 
8.7 + 0.3 when she was laying an egg, and to 
10.8 + 0.2 when she was completely stationary. 
The number of attendants engaged in licking 
the queen compared with the number examining 
her with their antennae also increased in a 
similar manner, as shown in Table III. Again 
using the combined figures, only one attendant 
out of eighty-nine licked the queen when she 
was moving, but one out of twenty-four licked 
her when she was laying, and one out of nine 
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Table II. Activity of Year-old Queen Related to Total Numbers of Bees Licking or Examining Her During all Counts 


| Activity of Queen 
| Stationary | Laying | Moving 
Colony A | | 
Number licking . 42 5 3 
Number examining 670 132 263 
Number of counts 78 19 | 47 
Colony B | 
Number licking . 182 13 | 4 
Number examining 1097 284 | 355 
\ Number of counts | 107 31 | 54 
Colony A + Colony B | | 
Mean number licking 12+01 | 0440-1 01400 
Mean number examining 96402 {| 83403 6:1 + 03 
| | 


when she was stationary. 

When the colony had returned to normal 
after swarming and the newly-hatched queen 
had commenced laying, more observations were 
made (Table IV). In colony A in August, 1954, 
a high proportion of attendants was licking the 
young queen, but in colony B during August, 
1955, the same trend was not recorded. The 
number of eggs laid in colony B during the 


period of the counts at this time was lower 
than previously (Tables I and IV), and by 
September it had fallen to zero. This decline in 
egg-laying followed the normal seasonal pattern 
(Nolan, 1925). 

During the winter the queen and the bees 
were typically quiet and moved only for short 
distances, and usually the circle of bees around 
the queen was complete. 


Table III. Ratios of Number of Bees Licking Year-old Queen to Number Examining Her. 


Activity of Queen 
Stationary Laying Moving 
Colony A 1:16 1:26 1:88 
Colony B i sit | 1:6 1:22 1:89 
Colony A + Colony B 1:8 1:23 1:88 
Table IV. Mean Values for Twelve Counts at Five-Minute Intervals (Young Queens) 
Mean Mean Activity of Queen No. of eggs 
Date Number Number - laid by queen 
Licking Examining Stationary Moving Laying in 1 hour 
Colony A 
x 0-8 5-2 7 3 2 12 
Colony B 
19.8.55 0-0 68 9 1 2 11 
27.8.55 0-1 8-5 8 4 0 | 8 
5.9.55 0-3 8-7 9 a 0 | 0 
9.1.56 0:1 5-6 11 1 0 | 0 
10.1.56 0-0 5:7 11 | 1 0 | 0 
19.1.56 0-0 9-3 12 0 0 0 
27:3.56 0:2 6-7 10 2 o | 4 
19.4.56 0.4 6:4 10 | 1 1 3 
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Discussion 

In this paper it has been shown that at any 
one time in spring, summer, autumn and winter 
many fewer bees were engaged in licking than 
in examining the queen. These results do not 
agree with those of Butler (1954a), whose 
single group of twelve counts showed a mean of 
2.5 bees licking the queen and 2.2 bees examining 
her. This finding can be compared with the 
twelve counts represented in any one line of 
Tables I and IV, but it is more extreme than 
any one of those sets of observations. The 
discrepancy might be due to the smaller size 
of the colony used by Butler (1,500 bees) or it 
could possibly be that there are, in this respect, 
wide differences between different races of bees. 
Otherwise, it could be assumed that Butler’s 
counts were made during some abnormal 
period in the condition or development of the 
colony or of the queen. He found the mean 
number of attendants to be five and for in- 
dividual counts the total number never ex- 
ceeded seven; this might suggest that the queen 
was very active were it not for the high pro- 
portion of attendants licking her, which from 
the results given in the present paper would 
seem to suggest the opposite. Butler gives no 
indication of the time of year when his counts 
were made or of the queen’s activity during the 
counts. 

It has been shown above that there is some 
seasonal variation in the behaviour of the 
queen’s attendants. In the winter during the 
broodless period less interest. is shown in the 
queen, and she is only very occasionally licked. 
Butler believes that “‘queen substance” is very 
attractive to worker bees, some of whom lick 
a supply off her body and later pass it on to 
other workers but, since very little licking occurs 
during the winter, it would appear on his 
hypothesis that the craving of workers for 
“queen substance” (Butler, 19545) is virtually 
non-existent at this time. There are times when 
licking has as its function the cleaning of the 
queen (as, for example, when she becomes 
covered in honey either by accident or when 
being introduced into a new colony), and thus 
there is at least the theoretical possibility of two 


types of licking, one with the object of groom. 
ing, the other to obtain ‘“‘queen substance.” 
No attempt has been made in these observations 
to distinguish between these two possible 
types; however, it might be supposed that more 
cleaning would be necessary when the queen 
is laying large numbers of eggs in the spring 
and summer (and presumably collecting a certain 
amount of debris on her body from the combs) 
than in the almost broodless winter months. 


Summary 


1. The activity of a honeybee queen affected 
both the number of her attendants and the 
proportion licking her. The mean number 
attending the queen in the summer was six 
while she was moving over the comb, eight when 
laying, and ten when stationary. During the 
summer one out of eighty-nine attendants 
licked the queen while she was moving, com- 
pared with one out of twenty-four while egg- 
laying, and one out of nine when stationary. 


2. There was no appreciable change in the 
number of attendants after swarm preparations 
had started, or in the proportion of attendants 
licking and examining the queen. 


3. Less interest was shown in the queen 
during the winter period, and at this time she 
was only very occasionally licked. 
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THE PATTERN OF RUMINATION BEHAVIOUR IN HOUSED GOATS 


By F. R. BELL AND A. M. LAWN 
Department of Physiology, Royal Veterinary College, London 


In order to assess the part played by the 
central nervous system in the control of rumin- 
ation it was necessary to establish the normal 
pattern rumination under standard conditions. 
This paper describes the pattern of rumination 
in goats, studied by analysis of recordings of 
jaw movements from which rumination cycles 
can be identified and measured. 

A rumination cycle involves the regurgitation 
of material from the reticulo-rumen to the buccal 
cavity where solid material is re-masticated 
and re-insalivated before being swallowed. 
The duration of a single rumination cycle is 
usually remarkably constant, especially at night. 

In this study an examination has been made 
of the time spent in rumination during con- 
secutive twenty-four-hour periods; the dis- 
tribution of rumination time throughout the 
day and night and the variation in cycle length 
have also been analysed. 


Methods 


Animals. Twenty-four English castrated niale 
goats were studied at ages ranging from 6 weeks 
to 16 months. 


Diet. A daily ration of 4 lb. of a mixture 
containing | part linseed cake, 1 part oats and 
1 part flaked maize was 
fed, usually in one feed 
during the morning. In 
addition 6 lb. of hay were 
fed from a net. Water was 
always available. 


Recording. A method 
similar to that described 
by Balch, Kelly & Heim 
(1951) was employed. A 
rubber air cushion, held 
beneath the lower jaw by 
means of a leather and 
aluminium head stall, 
transmitted the jaw move- 
ments by variations in air 
pressure to a_ recording 
system. A flexible rubber 
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ported the weight of the tubing. Using this 
system close restraint of the animals was un- 
necessary. They were allowed free movement 
within the confines of a small pen, an air tight 
swivel joint preventing twisting of the tubing. 
The recording system consisted of four pens 
actuated by pistons writing on a chart driven 
at a speed of 4 inch/min. by a synchronous 
electric motor (Everett Edgcombe). 

Each piston was constructed from a 2 ml. 
hypodermic syringe barrel fitted with a light 
plastic piston and a return spring. 

Recording was usually continued for five 
consecutive days followed by two days of rest 
during the weekend. The chart was renewed 
daily and, where possible, each chart contained 
a complete twenty-four hour record. No record 
of less than twenty-four hours in duration was 
used for analysis. 


Results 


Interpretation of records. The periods of 
chewing, separated at regular intervals by short 
pauses (swallowing and regurgitation) character- 
istic of rumination, were easily distinguishable 
from the irregular chewing recorded during 
eating (Fig. 1). An occasional single isolated 


Fig. 1. Record of jaw movements of four goats. A and C show the irregular pattern of 


tube led from the cushion jaw movement associated with feeding. In B and D the tracing shows the regular 
over a pulley to the record- 


er; a counterweight sup- 


periods of chewing characteristic of rumination. 
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rumination cycle among periods of eating might 
have been overlooked but such events are rare 
and constitute only a very small fraction of the 
total rumination time. 


Proportion of time spent ruminating. All 
records of 22 to 24 hours in duration were 
analysed. Periods of rumination and pauses 
in rumination of less than 2 minutes in duration 
were not included. The time spent ruminating 
in each record was summed and converted to a 
percentage of the total duration of the record. 
The number of records of each goat available 
for analysis varied from 3 to 34. For each goat 
the mean, the standard deviation and the 
standard error of the mean were calculated. 
These figures are presented in Table I which 
contains in addition the ranges of individual 
goats and the mean of the whole group and its 
standard error. 

The time spent ruminating in a twenty-four 
hour period averaged 7 hours 44 minutes (32.2 
per cent.) for the whole group. The averages of 
individual goats fell within the range 5 hours 
to 10 hours. The shortest time observed in an 
apparently healthy goat was 3 hrs. 22 mins. 
(14 per cent.). The longest time observed was 
13 hrs. 12 mins. (55 per cent.). 

Distribution of rumination. The distribution of 
rumination throughout the day and night 
was analysed from 3 or more records for each of 
7 goats. Only complete twenty-four hour 
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Table I. Analysis of the Time Spent Ruminating by Twenty. 
four Goats Expressed as ‘ag of the Twenty-four. 


Days 
Goat | Mean} S.E. | analysed | Range | S.D 
1 35-4 3°5 5 24-45 19 
2 41°8 1-8 13 30-55 6°5 
3 29-4 1-6 19 10-40 69 
4 39-2 1-4 5 36-44 3-1 
5 26:3 1-1 34 14-39 6:7 
6 31-2 1-6 5 27-35 3-6 
7 29-8 1:8 22 21-37 40 
8 25-9 2:8 14 17-45 | 104 
11 30-3 1:3 15 22-37 4:8 
13 33-5 1-4 17 17-43 5:7 
14 39-6 20 9 27-49 6-0 
15 39-1 2-0 11 27-51 6-6 
16 32-7 1-6 9 24-41 4:7 
18 21-4 | 0-9 8 17-25 27 
19 29-0 1-6 7 23-36 43 
20 28-2 26 6 22-40 6-4 
21 31-0 1-9 iT 21-36 5-0 
22 306 | 2-0 5 23-35 4:5 
23 29-7 | 40 3 23-37 7-0 
24 25:0 | 2:9 4 17-31 58 
25 36:7 1-4 Z 34-43 3-7 
26 32:3 2-0 8 24-42 5-7 
38-9 y 31-46 6-6 
28 35-8 1-1 6 33-40 2°8 
Mean | 32:2 1D | 246 


records were studied. Each record was divided 
into six equal periods of 4 hours duration com- 
mencing at 8 a.m.; the time spent ruminating 
in each period was converted to a percentage 


G2(63%) G3(6I%) G7(76%) Gib(76%) GI4(66%) G27(64%) Mean(75%) 


Fig. 2. Histograms of the distribution of rumination time throughout the day and night. In each histogram 
each column represents the percentage of daily rumination for a four-hour period, the first period beginning at 
8 a.m. G.M.T. In brackets for each goat is given the percentage of rumination time occuring at night. 
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of the total rumination time during the whole 
24 hours. The relevant data for each goat has 
been averaged and presented as a histogram, 
together with a histogram constructed from the 
averages for the whole group (Fig. 2). In 
addition the proportion of total ruminations 
performed between 8 p.m. and 8 a.m. G.M.T. 
is given for each goat. 

A greater proportion of time was spent on 
rumination during the period 8 p.m. to 8 a.m. 
(night) than during the period 8 a.m. to 8 p.m. 
(day). Usually a greater proportion of time was 
spent ruminating during the two four hour 
periods between midnight and 8 a.m. than other 
periods. Taking the group as a whole an average 
of 75 per cent. of the total rumination occurred 
at night, although this figure for the 7 individual 
goats varied between 64 per cent. and 83 per 
cent. 


Cycle length. During rumination the time 
between one regurgitation and the next is here 
called the “‘cycle length”. The distribution of 
cycle lengths was analysed for the first 100 


or 65 
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cycles subsequent to midnight on three or more 
nights for 4 goats. This method of sampling was 
chosen because it was observed that cycle length 
was most constant during the period immediate- 
ly following midnight. The distance was meas- 
ured between the first chewing movement of 
each cycle and the first chewing movement of 
the following cycle, the equivalent durations 
were grouped at intervals of 10 seconds. The 
number of cycles in each group was summed 
for the several records of each goat and con- 
verted to a percentage of the total number of 
cycles measured. A similar analysis of samples 
consisting of the first 50 cycles after 9 a.m. 
was made for the same goats. These results are 
presented in the form of histograms in Fig. 3. 


Owing to the method adopted for grouping 
measurements of cycle length in this investi- 
gation, a reliable mean cycle length cannot be 
given, but at night 67 per cent. of 1,500 cycles 
from 4 goats occupied between 40 and 80 
seconds and 61 per cent. between 50 and 60 
seconds. During the day cycle lengths were 


Gll 
G7 Mean 
1 
20 40 8 120 40 120 


Duration of cycles (secs.) 


Fig. 3. Histogram of the distribution of rumination cycles by duration. The continuous line refers to night activity 
and the dotted line to day activity. Each column is proportional to the percentage of cycles measured falling 
within the indicated ten second limits, 
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Table II. Comparison of Early and Late Rumination Records of Two Goats. (See text) 


| Goat 3 Goat 5 
Age | Less than More than Less than More than 

| 7 months 10 months 7 months 10 months 
rumination 30-4 24:3 26:7 
Days analysed .. i ae 13 5 6 28 
Range 20-40 27-36 14-33 16-39 
% rumination at night .. oe | 82 80 86 76 


slightly shorter, 85 per cent. of 550 cycles from 
4 goats occupying between 30 and 70 seconds 
and 57 per cent. between 40 and 60 seconds. 
The range of cycle lengths was greater in some 
goats than in others and in Fig. 3 this variation 
is exaggerated by the summation of days in 
which the average cycle length was different. 
A close examination of the records suggested 
that the cycle length in any one goat was most 
constant during the peak ruminating period of 
early morning. 

Effects of Maturation. In only two goats were 
sufficient recordings available to make direct 
assessment of this process. The ages at which 
recordings of these two goats were made fell 
between 4 and 14 months. Records made before 
the age of 7 months were compared with those 
made after the age of 10 months in respect of 
the percentage of twenty-four hours spent rum- 
inating and the proportion of rumination 
performed at night. These results are summarised 
in Table II. 

A further, but less reliable, assessment of the 
effects of maturation was made by comparing 
the average percentage of time spent rumin- 
ating in all records made of goats aged less than 
7 months (87 records) with those aged 10 months 
or more (95 records). In the main the two 
groups of recordings were obtained from 
different animals. Since these animals were 
derived from different sources the data are not 
strictly comparable. The younger goats spent 
an average of 33.2 per cent. of their time 
ruminating, the older goats an average of 
30.5 per cent. 

Discussion 

England (1954) has reported rumination 
behaviour in sheep at grass and various authors 
have described rumination behaviour in cattle 


under various conditions (Bergman & Dukes, 
1925; Schalk & Amadon, 1928; Fuller, 1928; 


Kick, Gerlaugh, Schalk & Silver, 1937; Corbett, 
1953; Castle & Halley, 1953). Variations in 
rumination time have been related not only to 
variations in the quantity and quality of the 
diet but also to genetic differences between 
individuals (Corbett, 1953). It is probable that 
both these factors were concerned in producing 
the large differences observed in the present 
study between the average time spent ruminating 
by different goats. There was also great variation 
from day to day in the time spent ruminating 
by individual goats. Although part of this may 
have been due to changes in the amount of food 
eaten, the possibility of influences other than 
those arising from the gastro-intestinal tract 
cannot be ruled out when considering the 
control of rumination. The goats were housed 
in an urban district and sporadic disturbance 
from noise may have occurred. 

In most of the published studies of cattle 
the time spent ruminating lies between 7 and 
8 hours daily although Castle & Halley (1953), 
and Corbett (1953) give a mean of about 54 
hours. The figures for sheep given by England 
(1954), based on a small number of observations, 
are a little higher than those for cattle especially 
for the group on good pasture which averaged 
almost 10 hours rumination in twenty-four 
hours. Taking account of the influences of 
management and diet these figures do not differ 
widely from the mean of 7 hours 44 minutes 
reported here for goats. 

The sheep observed by England (1954) per- 
formed most of their rumination at night, 
which agrees with our own observations, but 
in the case of cattle some authors show that in 
their animals rumination is evenly distributed 
throughout the twenty-four hours. These differ- 
ences can probably be explained by differences 
in management. 

In each of the three goats in which a compar- 
ison was made, longer cycles were more frequent 
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at night than during the day, the frequency 
distribution curve being similar in form but 
shifted approximately through 10 seconds. Such 
a change may be the result of the greater pro- 
portion of time spent feeding during the day in 
these goats since it is known that during feeding 
the reticulo-ruminal contraction cycle is short- 
ened. It is also possible that the more abundant 
auditory and visual disturbances during the day 
may influence the duration of the cycles. 

These goats showed no important changes in 
the rumination pattern throughout the period 
observed and had probably attained the adult 
pattern by the time recordings were first made 
at an age of four months. The pattern of 
rumination is apparently established at a very 
early age. 


Summary 

1. The rumination pattern was studied by 
means of records of jaw movements in 24 young 
goats. 

2. The total time spent ruminating, the 
distribution of this time throughout a 24-hour 
period, and the length of rumination cycles 
were studied. 


3. The pattern of rumination in goats was 
found to be similar to those of cattle and 
sheep reported in the literature. 


4. The goats spent an average of 7 hours 
44 minutes ruminating in 24 hours, an average 
of 75 per cent. of which was performed at night. 


5. Large differences between rumination be- 
haviour of different goats and considerable 
variation in the behaviour of any one goat on 
different days were observed. 


6. The duration of the rumination cycle was 
shorter during the day. 


7. The pattern of rurflination in these goats 
showed no important change during the period 
of observation. 
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THE PHYLOGENY OF MAZE LEARNING. (1) THEORETICAL 


ORIENTATION 


By J. M. WARREN 
Stanford University, Stanford, California 


The objectives of this paper are (1) to review 
the studies of maze learning in vertebrates and 
the higher invertebrates, (2) to point out that 
these data reveal a consistent pattern, and (3) to 
note that the pattern corresponds well with the 
current schema of metazoan evolution. 

Comparative psychologists have despaired 
of demonstrating any consistent interphyletic 
progression in learning capacity. This pessi- 
mistic attitude is certainly justified with respect 
to conditioning. Annelids, mammals and inter- 
mediate forms form conditioned responses at 
approximately the same rate (Razran, 1933). 
Indeed, Gelber’s (1952) recent demonstration 
of a phenomenon similar to instrumental con- 
ditioning in Paramecia suggests that the rate 
of conditioning may be roughly constant from 
Protozoa to man. 

The maze is the only other learning situation 
in which a reasonably large number of species 
has been studied under even crudely comparable 
conditions. The results of representative ex- 
periments at several phyletic levels may be 
surveyed briefly. 


Invertebrates 


. Annelida. In a recent study (Schmidt, 1955), 
14 earthworms learned a one-choice T-maze 
to a criterion of 10 out of 10 correct responses 
with an average of 60.5 trials. 


Mollusca. Garth & Mitchell (1926) report 
that one snail learned a single choice maze 
to a criterion of 10 consecutive correct re- 
sponses in 50 trials. 


Arthrododa. Schwartz & Safir (1915) found 
that 7 fiddler crabs, which were trained to avoid 
the initially preferred corner of an enclosed 
area, attained an average level of 87 per cent. 
correct responses on the last 20 of 200 trials. 
Yerkes (1902) tested “‘several” green crabs in a 
two-choice open maze and described learning 
as “‘imperfect”’ after 50 trials. 

More efficient learning is attributed to the 
crayfish in the T-maze. Gilhousen (1929) 
found that individual subjects in a group of 
nine required 10 to 30 trials to learn to a criterion 
of 9 out of 10 correct responses. 


Insects learn multiple T-mazes more rapidly 
than lower vertebrates master single choice 
mazes. Turner’s (1913) 10 cockroaches mastered 
(i.e. made no errors on two succeeding trials) 
a four-choice elevated maze in 20 trials, and 
Schneirla (1933) found that ants learned 
(reduced their mean error scores per run from 
20 to less than 1) an eight-choice enclosed maze 
in approximately 32 trials. 

Thus the invertebrate data indicate a reason- 
able clear cut progression in rate and limit of 
learning ability from annelid to mollusc to 
crustacean to insect. 


Vertebrates 


Pisces. Goldfish are apparently inferior to 
ants in maze learning ability. Churchill’s (1916) 
8 subjects required 20 to 36 trials to learn (i.e. 
to reach asymptotic time scores) to pass through 
openings in two successive barriers, and French’s 
(1942) 48 fish took an average of 30 trials to 
master a four-choice linear maze with a criterion 
of 5 consecutive errorless trials. 


Amphibia. The available data fail to indicate 
that frogs are markedly superior to fish in 
maze learning. About 20 trials were required 
to learn to avoid consistently a single blind alley 
in an open field maze (Burnett 1912). Yerkes 
(1903) reports that one frog learned to avoid 
two blind alleys in a similar maze in 100 trials. 
Larval amphibia learn mazes even more slowly, 
if at all (Munn, 1940; Moore & Welch, 1940). 

Seidman (1949) tested 6 newts in a one-choice 
T-maze to a criterion of 3 consecutive correct 
responses; 6.7 trials were required to reach 
this level. 


Reptilia. In one of the very few recent com- 
parative experiments, Seidman (1949) also 
tested 6 terrapins in the same maze and to the 
same criterion as the newts mentioned above. 
The terrapins averaged 5.2 trials to criterion on 
the first problem in a series of reversal tests, and 
demonstrated significantly more rapid learning 
than the newts. 

Experiments by Yerkes (1901) and Tinkle- 
paugh (1932) with single turtles also indicate 
superior learning ability in reptiles. Under 
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optimal conditions of motivation, Tinklepaugh’s 
turtle made three errorless runs on a five- 
choice enclosed maze after just 4 trials on which 
errors were committed. 


Aves. Baby chicks have been reported to 
learn a simple T-maze in a single trial (Fletcher 
et al., 1916). Pigeons do about as well as ants 
on complex mazes; a two-choice linear maze 
was learned in 9, and a seven-choice maze in 
about 60 trials by Hunter’s (1911) animals. 
(Training was not terminated at a specific 
criterion, but no errors were made by any of 
the 6 birds on trials 10 through 15 on the two- 
choice maze). 


Mammalia. Skard (1950) recently compared 
rat and man with respect to acquisition of an 
eleven-choice multiple T-maze. Twenty students 
were superior (27.5 trials), but not significantly 
so, to 14 rats (37.5 trials) in meeting the criterion 
of 2 errorless trials out of three. These data 
suggest that, although the capacity for maze 
learning may be as highly evolved in lower as 
in higher mammals, mammals learn such tasks 
more efficiently than lower forms. Large differ- 
ences in learning ability among mammals 
have been demonstrated only on more complex 
problems than the maze. 

To summarize, there is a clear cut increase 
in the rate of learning and the complexity of 
problems which can be learned in the inverte- 
brate series from worm to ant. The sub-mam- 
malian vertebrate forms have been found 
inferior to higher invertebrates, but there is a 
definite increase in learning ability from fish 
and amphibia to reptiles, and reptiles are 
clearly inferior to mammals. Among the 
vertebrates, only mammals are clearly superior 
to insects with respect to maze learning. 

The demonstrated inferiority of fish and 
frogs to ants and roaches has had an unnecess- 
arily deleterious effect on comparative physchol- 
ogy in terms of theory and, more seriously, 
research activity. The unfortunate effect on 
theory has been the widespread denial of any 
particularly close correlation between mor- 
phology of the nervous system and behavioural 
capacities of an animal species. Theoretical 
nihilism has discouraged badly needed experi- 
mentation. 

This disastrous defeatism is unnecessary and 
is almost certainly a consequence of a serious 
cultural lag between psychology and general 
zoology—specifically, the failure of comparative 
psychologists to appreciate the implications of 


recent developments in evolutionary theory. 
One can hardly resist the conclusion that 
psychologists have for years been obsessed 
with the obsolete notion of a unilinear evolu- 
tionary series, with all vertebrates presumed to 
have phyletic status superior to that of all 
invertebrates. Assuming the prevalence of such 
a conceptualization, disenchantment with the 
comparative study of learning would be the 
natural result of demonstrations that ants do 
learn more complex mazes, and faster, than fish. 

In view of the most generally accepted theory 
(e.g. Gregory, 1951) of metazoan anatomical 
evolution, it would be more reasonable to 
become disenchanted with comparative psychol- 
ogists than with comparative psychology. The 
morphological data give us every reason to 
expect at least two divergent branches with 
respect to the evolution of learning ability, 
because it appears that very early in the evolu- 
tion of multicellular forms there was a divergence 
between the branch leading to the annulates, 
the higher invertebrates, and the branch cul- 
minating in the vertebrates. This view has been 
presented in an elementary text on invertebrate 
zoology (Buchsbaum, 1938), but the evidence 
has been most succinctly summarized by Young 
(1950, p. 49): 

“In the study of evolution it is not sufficient merely 
to make formal comparisons, we must try to find out 
and compare the plan of development and structure 
common to all members of two groups, a business 
often requiring great knowledge and good sense. 
When this is done in the present case it will be found 
that the essential plan of development of annulates 
involves spiral cleavage, gastrulation by immigration, 
and a coelom formed as a schizocoele, a trochophore- 
like larva and full segmentation of the mesoderm. 
It is exceedingly unlikely that such animals have given 
rise to chordates with their very different development, 
which we may crudely define as showing radial cleav- 
age, gastrulation by invagination, and larvae of the 
echinoderm type. 

“Extending this method we may divide the whole 
world of the Metazoa by similar criteria into Spiralia 
or Polymera and Irregularia or Oligomera. The 
former include besides the annulates the molluscs 
and platyhelmia, whereas the latter group contains, 
in addition to the chordates, the echinoderms, brachi- 
opods, polyzoa, (ectoprocta) and Phoronis. The 
animals in this latter group seem at first sight to be 
very different from the chordates in outward form, 
but the farther we look into their fundamental organ- 
ization, the more we become convinced that the 
ancestors of fish-like animals are to be found here.” 
Thus the best available taxonomical theory 

indicates a fundamental and early divergence 
of metazoan evolution into two groups, culmin- 
ating in insects and mammals respectively. 
This theory implies that synaptic nervous 
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systems arose independently in the Spiralia 
and Irregularia branches, and that progressive 
development of cephalic dominance occurred 
independently within the two series. 

The implication of this model of metazoan 
evolution for comparative psychology is obvious. 
Attempts to force empirical data into a uni- 
linear schema: invertebrates — vertebrates— 
must be eschewed. Renewed active research 
effort ought rather to be directed toward 
elucidating the comparative status of species in 
the (simplified) parallel series: 


Fig. 1. Evolution of annulates and vertebrates from 
primitive metazoa (Buchsbaum, R., 1938. Animals 
without backbones. University of Chicago Press.) 


Viewed from this perspective, not only is 
there adequate reason to revive the long neg- 
lected study of submammalian forms for com- 
parative psychology, but there also exists a 
magnificent stimulus for a more widely general- 
ized physiological psychology. One can reason- 
ably hope that insight into the relations between 
neural processes and behaviour may accrue 
more rapidly when the advantage of comparing 
processes and organizations within two funda- 
mentally different patterns of neural organiz- 
ation is recognised explicitly. 


It should be pointed out that in attempting 
to present the big picture, i.e. to elucidate and 
interpret general trends, we have momentarily 
overlooked serious deficiencies in the data 
presented above. To a considerable extent, the 
data of comparative psychology permit only 
gross comparisons because these data have 
been collected under such extremely hetero- 
geneous conditions. Almost always, some factor 
in addition to species has varied between 
experiments, and its effects have thus become 
confounded with, and either exaggerate or 
obscure, whatever species differences in per- 
formance might exist. 

Among the most frequent sources of am- 
biguity are the following: (1) differences in 
apparatus; (2) differences in kind and/or in- 


~ 


tensity of motivation, e.g. approach to food or ff 


escape from light and heat; (3) differences in 


both quantity and quality of incentive; (4) use 


of shock for errors in some experiments but not 
in others; (5) differences in criteria of mastery; 
(6) use of correction or noncorrection trials, 
Perhaps most critical is (7) differences between 
species in terms of the learning psychologist’s 
familiarity with the sensory capacities and 
normal living habits of each species studied. 
The recent ethological literature testifies to the 
importance of the last point. Intergroup, com- 
parisons are also rendered tenuous by the 
very small number of subjects studied: one snail 
represents the phylum Mollusca; four frogs 
and six newts the adult Amphibia. 

The results of several experiments conflict 


with the data selected for inclusion in the § 


summary presented above. Robinson (1953) 
failed to demonstrate reasonably complete 
learning in earthworms with methods almost 
identical with those of Yerkes (1912) and 
Schmidt (1955). Agar (1927) failed to demon- 
strate place learning in lower arthropods. 
Snakes (Kellogg & Pomeroy, 1936) were 
reported greatly inferior to turtles (Tinklepaugh, 
1932; Yerkes, 1901) in maze learning, and 
chickens (Wolfe & Kaplon, 1941) were reported 
to make 5 or more errors in learning a single- 
choice T-maze. 

It is reasonable to suppose that such negative 
results or results at variance with the postulated 
sequence of phyletic development of maze 
learning ability result from procedural differ- 
ences between experiments. This supposition 
is supported by a consideration of two experi- 
ments by Warden ef al. (1929, 1941), who 
reported that chicks learned multiple unit mazes 
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of the Warner-Warden type in considerably 
fewer trials than rats; however, the rats were 
tested three trials a day, five days a week, while 
the chicks were given one trial every day. 
In this case we may suppose that the inversion 
in apparent rate of learning between chicken and 
rat resulted from the differences in training 
method. More often one is unable to identify 
the critical differences between experiments 
from the published accounts. 

In conclusion, it would seem virtually mirac- 
ulous, that any, even rough, approximation of a 
correlation between phyletic status and learning 
ability should be yielded by such heterogeneous 
data. The data reviewed in this paper are clearly 
inadequate to establish any unequivocal de- 
pendence of learning upon evolutionary status; 
later papers in this series will report the results 
of experiments designed to satisfy the several 
criteria for acceptable comparative studies 
which are stated above. Should these new data 
prove fatal to this schema, its formulation should 
still have served a useful purpose—examination 
of the references indicates that less than one 
third of the experiments cited were published 
since 1942. 

Summary 

1. A survey of studies of maze learning 
indicates two progressive series with respect 
to increasing rate and limits of complexity: 
(a) an invertebrate series from Annelida to 
Insects, and (6) a vertebrate series from fish 
to mammal. 


2. There is no reason to assume arbitrarily 
the necessary superiority of all vertebrate to all 
invertebrate forms in terms of learning capacity. 
The previously troublesome fact that fishes and 
frogs learn less efficiently than cockroaches 
and ants, for example, is consistent with the 
morphological divergence of chordate and 
annulate stocks at a very early stage of metazoan 
evolution. 
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STUDIES ON OLFACTORY ACUITY IN DOGS. (1) DISCRIMINATORY 
BEHAVIOUR IN PROBLEM BOX SITUATIONS* 


By FREDERICK BECKER, J. E. MARKEE anp J. EDWARD KING 
Department of Anatomy, Duke University School of Medicine, Durham, North Carolina 


Introduction 

It has been customary to credit the dog with 
an exceptional sense of smell, yet much of our 
evidence for such a belief lacks objective 
demonstration. Our knowledge has advanced 
little beyond the Albert Payson Terhune stage 
of development and is still in its anecdotage; 
we rely considerably upon reports from dog 
owners, hunters, and kennel club devotees. 

Even the classical experiments of Buytendijk 
(1936) in his accounts of olfactory acuity in 
“The Mind of the Dog” are coloured by the 
annoying fact that the clever dog‘s master was 
a part of the discriminating environment. 

Razran & Warden (1929) reviewed the work 
of modern Russian investigators in which 
conditioned responses were purported to have 
been obtained to a variety of odour substances 
in extremely low concentrations. The evidence 
seemed to be based upon selected excerpts from 
a few protocols. The Russian workers did not 
indicate how long it took to establish a response, 
how stable it was to extinction, or how well 
secondary, non-olfactory cues in the experi- 
mental milieu were controlled. 

_ Allen (1937-1941) has indicated his success in 
conditioning the forelimb response to the 
odour of clove oil, or to asafetida, in a series of 
well-documented papers. He was able also to 
get his dogs to discriminate between the two 
odours by giving differential limb responses. 
Unfortunately, Allen’s studies tell us little about 
olfactory acuity since only high concentrations 
of these odour materials were used. 

Others have reported that it is not easy to 
work with dogs in olfactory experiments. Both 
Passey & Binet (1895) and Heitzenroeder 
(1913) were unable to obtain satisfactory 
discriminations with a variety of flower scents, 
yet, the same dogs seemed able to detect very 
small quantities of odours that had biological 
significance, e.g. meat odours, blood, urine, 
and faeces. 

Konrad Most (1925-1928), a Berlin police 
investigator, was interested in the importance 


*See Editorial Note on p. 103. 


of olfactory cues for tracking behaviour. Both 
the shepherd and the bloodhound performed 
poorly when the tracking problem was rigor- 
ously limited to olfactory discrimination alone. 
Apparently, visual and auditory cues, familiarity 
with the habits of the trainer during the hunt 
became important factors when the dog was set 
upon the trail. 


Adrian (1948) has speculated that there is 
probably little difference in olfactory acuity 
between the dog and man. Both appear to be 
able to smell very well, but that, perhaps, the 
dog finds more meaning in olfactory messages 
than does man, or, at least, it utilizes such 
information more readily. 


We attempted to use the conditioning tech- 
nique for determining olfactory threshold in 
dogs, but were discouraged by the instability 
of the response. Therefore, we felt we should 
explore simpler techniques. At least, they 
seemed simpler until we began to explore them. 
Our initial attempts to get dogs to discriminate 
by means of an olfactory signal alone made us 
very sceptical about how readily a dog utilized 
olfactory information if it could get any other 
kind of information by any other means. This 
healthy sort of scepticism casts no aspersions 
upon the dog’s real ability to do the task by 
smelling alone; it merely reflects upon our own 
ability to control variables within the experi- 
mental framework. 


We soon discovered, that to interpret an 
animal’s response to an odour stimulus, we 
had to make certain of two basic facts: (1) that 
the animal was responding to the test odour 
and not to some other identifying odour quality, 
and (2) that the animal was reacting by smelling 
and was not responding to some other sensory 
cue or to some other total complex which 
might be operating in the experimental situation. 


We do not wish to belabour an obvious point, 
but, too frequently, few attempts have been 
made to find out why an animal is able to 
respond correctly, or why it is unable to make 
certain discriminations at all. 
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Method 


In these preliminary studies, three types of 
problem boxes were used. All embodied vari- 
ations on a T-shaped pattern with a choice 
point for making a turning response at the 
junction of the limbs of the T-shaped runway. 
All boxes were of three-ply panel board. Tops 
were covered with sections of hinged screening 
to permit a view of the animal inside, and to 
give access to the dog if necessary. All wall 
heights were thirty-eight inches. 


: A. Problem Box No. 1 
The floor plan and dimensions are given in 
Fig. 1. The dog entered the central compart- 
ment (DE) and traversed the central runway 
to a glass stimulus shelf at (+ —). Here, after 


F DR DE DL 


SR sL 
x y 
x 
75" 


(Front) 
Fig. 1. Problem Box No. 1. Sliding door to entrance (DE); 
Sliding doors to exits (DR, DL); Swinging doors to 
exit pens (SR, SL); Electric floor grids (G); Original 
locus for gas vents (x, y); Stimulus shelf (+-, —); Food 
pan with odor stimulus attached (F). 


sniffing at two identical glass dishes, the dog 
was to turn toward the side marked by the 
positive (+) test odour for a correct response. 
Whichever way the dog turned, it had to pass 
through a swinging door (SR, SL) which 
trapped it in an exit pen. If it chose the correct 
turn, it would find food (small cube of meat) 
in the pan (F). This was rolled in by a chute 
just as the dog passed through the proper 
swinging door. Animals were fed piecemeal in 
this way only during the working periods daily. 
For a while, a sample of the test odour was also 
attached to the food pan to associate proper 
odour with food reward. 


When the box was first used, odour was 
presented in gaseous form through double 
vents in the floor at x and y. Filtered air flowed 
through one of the vents, and a mixture of air 
and odour vapour through the other. As with 
odour dishes used later, test odour could be 
switched from right to left sides in random 
order. 

During spontaneous exploration, the dogs 
never voluntarily inspected the vents in the 
floor, nor could we train them to sniff at the 
vents even after these were transferred to the 
front wall directly facing the animal at the 
choice point. Hence, odour substances were 
eventually placed in glass dishes, twelve inches 
apart, on a glass shelf. These, at least, the dogs 
occasionally recognized as something to in- 
spect. Another modification, soon discarded, 
was the use of electric grids in the floor just 
in front of each swinging door. On a wrong 
choice, the animal was given a light shock to 
drive it around into the correct exit, the in- 
correct exit being locked. Such shocking 
procedure merely led to a breakdown in the 
learning process, and a failure of animals to 
move through the box at all. After a series of 
experiments with this box we learned of its 
short-comings and constructed a second. 


B. Problem Box No. 2 


This box, whose floor plan is given in Fig. 2, 
was a simple variant of the previous one. It 
was designed to bring reward closer to the 
choice point, and to furnish some symbol 


DE 


ws 


le 75" 
Fig. 2. Problem Box No. 2. Entrance (DE); Exits (DR, 
DL); Black side, right-hand turn (BS); White side, left- 
hand turn (WS); Food chutes (FS); Food pans (F). 
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that would clearly mean “right turn’? or “‘left 
turn” to the animal, One half of the interior 
was painted black, the other half white. Positive 
and negative test stimuli were presented singly 
per trial instead of together. Half the dogs were 
trained to turn to the black side whenever they 
smelled the positive stimulus; the other half 
of the dogs were trained to turn to the white 
side. When negative stimuli were presented 
animals were to turn to the opposite side. 
Swinging door manipulation was also dispensed 
with. As before, immediately after feeding, or 
after an error, the animal was released through 
sliding doors, DR and DL. 

To insure 100 per cent. sniffing at the choice 
point, dogs were finally stopped there by hand. 
The left hand closed the muzzle lightly, and the 
right hand presented the odour for three 
seconds. Both hands were released simultan- 
eously, and the dog was free to turn right or 
left on his own depending upon whether it had 
sniffed the positive or the negative stimulus. 


C. Problem Box No. 3 


To eliminate contact with the dog entirely, 
a third box (Fig. 3) was constructed. Animals 


o 
4 DL BSN ws 
SDH 
103" 
DR 
sDW 
Di 
Pot 
SDB — 
DL ws 


Fig. 3. Problem Box No. 3. Entrance (D1); Exits (DR, 
DL); Black side, left-hand turn (BS); White side right- 
hand turn (WS); Black and white centre sliding panels 
(SDB, SDW); Handle for sliding panels (SDH); Stimulus 
cone (C); Buzzer (B); Food chutes (FS); Food pans (F). 
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entered a very narrow, central chamber through 
a door at DI. The side walls of this chamber 
were sliding panels, one painted white, the other 
black. The panels were operated in front by a 
common handle, SDH, attached to two rods. 
When the handle was pushed in, the panels 
moved back to allow the dog to turn either into 
a black or a white exit pen. 

With the handle pulled forward, the dog was 
confined in the central chamber until it dis- 
covered, by chance at first, what was necessary 
to obtain release. With little room to turn about 
(though some managed to do just that !), 
the dog was required to investigate a metal cone 
one and a half feet above floor level in the front 
panel. This contained the odour substance 
absorbed on a half-inch cube of sponge affixed 
to a cork plugged into the small end of the 
cone. At first the dog was attracted there by 
tapping on the outer surface of the cone. When 
it put its muzzle into the cone, a buzzer sounded 
after 2 seconds, and the doors rolled back. 
Again, half of the animals were trained to go to 
the black exit, half to the white exit when the 
positive odour was presented, and to reverse 
their exit pathway when the negative odour 
substance was in the cone. A correct choice of 
exit, after either positive or negative stimulus, 
was immediately rewarded via the food chutes 
in the front panel. The dog was released at exit 
doors, DR or DL. 


D. Odour Stimuli 


As experiments progressed, odour substances 
and the methods of their presentation varied. 
Gas mixtures were discontinued early because 
of the difficulty of controlling them, and be- 
cause the animals did not seem to be able to 
localize them in any one spot. Clove oil, anise, 
eugenol, and asafetida were used in various 
dilution strengths. The diluent varied. At first 
solid odour blocks were prepared with liquid 
paraffin and allowed to solidify. Mineral oil, 
diethylene, triethylene and propylene glycols, 
and tricresyl phosphates were also used as 
solvents. In some experiments beef bouillon 
in water extracts were used. The negative 
stimuli were the solvent materials alone, each 
of which was described by the manufacturer 
as odourless—but all of which had some slight 
by-odour that the human nose could identify. 
When paraffin blocks were not used, the odour 
solutions were dropped in measured amounts 
on half-inch cubes of sponge affixed to glass 
dishes or to corks for insertion into odour 


A 
B 
C 
E 
F 

con 
E 
und 
dat: 
F 
thre 
sto} 
snif 
to 1 
tot 
ode 
wer 
the 
wer 
was 
per 
pre 
ulu 
dos 
Th 
cen 
cen 
per 
clo 
abc 
(for 


BECKER, MARKEE & KING: STUDIES ON OLFACTORY ACUITY IN DOGS (1) 97 


Table 1. Correct Turning Responses Toward Clove (Problem Box No. 1) 


No. | Ex- Observed correct | 
Discrimination trials | pected ' } | Group Group 
per dog | correct |Dog1 | Dog 2 | Dog 3 | Dog 4 | ave. significance 
A. 10% Clove in paraffin 502s 30 23 26 27. | «26:5 None 
from paraffin (Dog 1 P>-10) 
B. Cloveoil (liquid) from 120 60 64 — — 51 53-5 None 
paraffin (solid) (Dog 1 P>-30) 
C. Clove oil (liquid) from 120 60 =: 54 50 — 52:0 None 
‘ asafetida (liquid) | 
D. 5% Clove in paraffin 50 25 37 36 33 35 | 35-25 P< :005 
from paraffin (All animals) 
(Flashing light over clove) 
E. Sameas D, but no light | 100 50 30 29 27 29 | 28-75 None 
F. 3% Clove in paraffin 100 50 64 60 58 57 | 59-75 P approx. -05 
from paraffin (Dog 1 P=-005) 
Dog 2 P< -05 
| Dogs 3 and 4 
P<-10) 


cones. Separate dishes and cones were used 
with each dog. 


Results 
1. Experiments with Problem Box No. 1 


Essentially, six separate experiments were 
undertaken with this box, and the pertinent 
data are summarized in Table I. 

Four dogs were given 500 guided trials each 
through the box prior to any testing. They were 
stopped at the choice point each time, made to 
sniff at each dish, and, generally, were coaxed 
to turn to the side leading to food reward, i.e. 
to the side of the randomly alternating, positive, 
odourless stimulus. Occasionally, when they 
were bull-headed and insisted on turning 
the other way, they were allowed to do so and 
went unrewarded. The positive training stimulus 
was a block of solid paraffin containing 10 
per cent. clove oil added by volume to the 
previously melted paraffin. The negative stim- 
ulus was a block of plain paraffin of equal size. 

After training, six tests were run allowing the 
dogs free choice of turns at the stimulus shelf. 
The stimuli used were, respectively: (A) 10 per 
cent. clove in paraffin vs. paraffin; (B) 100 per 
cent. clove vs. 100 per cent. paraffin; (C) 100 
per cent. clove vs. asafetida; (D) 5 per cent. 
clove in paraffin vs. paraffin with a flashing light 
above clove dish; (E) the same without the light 
(four inexperienced dogs were also given this 


test); and (F) 3 per cent. clove in paraffin vs. 
paraffin. 

As Table I indicates, we got no significant 
discrimination between positive and negative 
stimuli in A, B, or C. Since each dog ran either 
twenty-five or thirty trials per day at the most, 
it was possible to contrast performance scores 
by halves or quarters. Such an analysis demon- 
strated no signs of learning. One animal devel- 
oped a left sided orientation pattern. 

But when, as in D, a flashing light was 
coupled with the odour stimulus and moved 
with it, all dogs discriminated significantly, 
and an aliquot analysis of performance showed 
steady improvement with time. One dog dis- 
played a right-sided orientation which lowered 
its score somewhat. 

In two hundred trials with the test odour 
associated with light, the dogs watched the 
light and failed to sniff at the stimulus dishes 
43 per cent. of the time. This system paid off with 
89.5 per cent. correct turning responses. In 
33.5 per cent. of the trials the dogs both watched 
the light and sniffed, making 73.1 per cent. 
correct choices by this method. When totally 
inattentive and blindly turning corners (23.5 
per cent. of the trials), they selected the proper 
side only 36.2 per cent. of the time. 

This test was repeated immediately without 
benefit of light. The average score for the group 
was 28.75 when 25 was expected by chance. 
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This was no better than the average score of 
four inexperienced dogs similarly tested (25.75). 
Regardless of whether a light was present or 
not (data of D and E combined), animals sniffing 
at dishes always scored significantly better than 
when they were inattentive and failed to sniff. 

Discrimination appeared to be better when the 
clove concentration was reduced to 3 per cent., 
as in Table I, F. But even here the dogs at- 
tended poorly, sniffing at the choice point only 
57 per cent. of the time. When dogs sniffed 
at the odour dish only, or at both dishes, they 
made more correct responses than when they 
sniffed at the paraffin dish alone. 

Finally, the dogs were allowed to select 
between clove oil and anise for 60 trials. The 
dishes were alternated from right to left ran- 
domly. In addition, Dogzoff, a commercial 
dog repellent containing 5 per cent. mustard 
oil in inert ingredients, was paired with clove 
and anise 60 trials each with each dog. Dogs 
showed no preference. They selected anise as 
often as clove, and either of these as often 
as a which they shouldn’t have preferred 
at all! 

The long period of guided trials prior to 
actual testing accustomed the animals to depend 
upon human help in problem solving. They 
hesitated at the choice point looking to the 
observers for a directive. As a consequence, 
they often neglected to sniff. We felt that it 
was possible, at times, to influence turning 
responses by even slight postural changes on 
our part which would serve as a cue to swing an 
animal toward the right or the left. Certainly, 
the dogs readily utilised a flashing light rather 
than smell to direct their turning responses. 
Other factors, such as being confronted with a 
choice of two stimuli simultaneously, negotiating 
swinging doors, and having the food pans some 
distance from the choice point, may have dis- 
couraged ready discrimination. 


2. Experiments with Problem Box No. 2 

The food pans were moved closer to the 
choice point. Single stimulus presentation 
rather than double was employed. One half 
of the box was painted white, the other black 
to help associate a proper turn with the proper 
odour. 

One dog was given 100 trials without previous 
training. It was to learn to turn right (white 
side) when 3 per cent. clove in paraffin was 
presented, and left when plain paraffin was 
offered at the choice point. Hand presentation 
was employed in order to stop the animal from 


blindly turning corners, and thus, to insure 
sniffing. Fifty seven correct turns were made, 
a score not significantly better than chance 
expectancy. 

Two weeks later, this dog was trained to turn 
right to odour alone until it did so 20 trials in 
succession without error. This criterion was 
attained after the 40th trial. Then the dog was 
trained to turn left to paraffin alone with 
success after the 55th trial. Finally, the dog was 
retested for 100 trials with test odour and 
paraffin presented in random order. Its score of 
62 differed significantly from chance expect- 
ancy but not from its pretraining score of 57. 
The effort of any sort of a prolonged training 
programme did not seem warranted. 

Two other dogs were next set to discrimin- 
ating between beef extract and distilled water. 
One cube, 4.5 g. of beef extract, was dissolved 
in 20 cc. of water, and 1 cc. of this solution was 
dropped on a half-inch cube of sponge affixed 
to a glass dish. The negative stimulus was | cc. 
of distilled water similarly prepared. 

Each dog was given 60 trials daily, 30 in the 
morning and 30 in the afternoon, for 4 days. 
Successful discrimination occurred by the second 
day, and scores continued to improve with time. 

Yet, when we watched the sniffing behaviour 
of the dogs, dog No. 2 sniffed in 64 trials only, 
49 of which yielded correct responses. In the 
56 trials when it did not sniff, 36 correct turns 
were made. These populations of scores ap- 
peared homogeneous. The meat odour (or 
salinity of the broth, perhaps) may have been 
strong enough to detect without much actual 
sniffing, yet this sort of behaviour was in 
marked contrast to that of dog No. | who sniffed 
every time. 

For the latter reason, we used only dog No. | 
in the next test to examine the effectiveness of 
hand presentation over the old shelf presentation 
procedure. The dog was given 20 additional trials 
with the stimulus placed on the shelf followed 
by twenty trials with the stimulus presented by 
hand. Even this small sample was adequate to 
demonstrate the superiority of hand presenta- 
tion over the shelf method. In the latter situation 
the dog reverted to those behaviour patterns 
of inattentiveness that we had observed in 
problem box No. 1. It sniffed in 9 of the 20 
trials only making 8 correct responses, and 
failed to sniff 11 times making only 4 correct 
responses. With hand presentation, it sniffed 
all the time, and scored 19 correct turns out of a 
possible 20. 
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Table II. Comparison of Group Scores When Odour is Meaningful (Bouillon) or Non-Meaningful (Clove) to Dog*. 
(Problem Box 2) 
; Probability 
: Group I—Bouillon vs. Water Group II—Clove vs. Paraffin that group 
¥% Concentration scores are 
of odour Dog 1 Dog 2 Ave. Score Dog 3 Dog 4 Ave. Score | homogeneous 
Cc WwW € Ww w...€ Ww Cc WwW 
S% 771 23 719 21 78 22 78 22 84 16 81 19 >-70 
3% 86 14 70 30 78 22 59 41 76 24 68 32 >-10 
1% 86 14 72 28 79 21 52 48 66 34 59 41 < 005 


*Groups equated on basis of past experience with both odours. 


How well do dogs discriminate when they 
have a significant odour to work with, e.g. 
beef extract, and when they smell a relatively 
non-meaningful odour, eg. clove oil? To answer 
this, two dogs were set to discriminate between 
decreasing amounts of beef bouillon in water 
and water, and two dogs between decreasing 
amounts of clove oil in paraffin and paraffin. 

Table II reveals that as odour strength 
decreased Group I (meaningful odour) main- 
tained a steady average performance record 
while there was a gradual drop-off in _per- 
formance in Group II (clove vs. paraffin.) 
No significant intergroup differences existed 
with odour concentrations as high as 5 per cent., 
but as the concentration range decreased the 
differences became significant in favour of 
Group I. 


Table III. Discrimination Between Bouillon and Water. Problem Box 2. (Hand presentation of stimuli in random order) 


It should be noted that one dog in each 
group had been required to turn right to odour, 
and one in each group, left. 

Dog | was given 50 additional trials each to 
bouillon concentrations of 0.5 per cent. and 
0.3 per cent (0.0011 and 0.0007 g. beef extract 
per cc. water), and continued to discriminate 
this from distilled water at less than the | per 
cent. level of confidence. 

Tables III and IV demonstrate the perform- 
ance of these same dogs in a longer series of 
trials where the concentration of bouillon was 
carried down to 0.1 per cent. by volume and 
clove to 0.5 per cent. Fifty trials per day (25 
morning and 25 afternoon) were given in the 
order shown in column 2. The stimulus presen- 
tation was either by a single handler or various 
handlers (two to five men) alternating either 


Pe Dog 1 | Dog 2 

5 | & 84 <-001 s | | 8s | <o | s 

2-5 50 42 84 <-001 s 42 | 84 | <-001 S 

50 < 005 | <-001 

| 50 35 | 70 <005 | <-005 Vv 

0-6 50 4 | 88 <00l 

0:3 so | | <o1 | v | 4 | 

wa | 64 | | | 40 80 <-001 S(1) 

50 | 24 | 48 >-80 | S(2) | 26 52 >80 SQ) 


* Probability that score is better than chance. 

** §$=Same handler: V=Various handlers. 

(1) Handler knows what stimulus he presents each trial. 
(2) Handler does not know what stimulus he presents each trial, 
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Table VI. Discrimination Between Clove in Mineral Oil and Mineral Oil. Problem Box 2. (Hand presentation of stimuli 
in random order) 


| 


| 
| 


by volume. 


Handling** correct Handling** 


Vv 
Vv 


S 


val) 


| | 


v2) | 


* Probability that score is better than chance. 

** S$=Same handler; V=Various handlers. 

(1) Handlers know what stimulus they present each trial. 

(2) Handlers do not know what stimulus they present each trial. 


every 10 or every 25 trials. The symbols “‘S” 
or “V” in column 6 designate whether a single 
handler or various handlers were involved in any 
set of 50 trials. 

It may be noted that in all sets of 50 trials 
except the last, all dogs scored significantly 
better than chance at all concentration levels 
regardless of whether one man or several men 
presented the stimuli by hand. Further, it 
should be realised that throughout this period of 
successful discrimination every handler knew 
from trial to trial, by following a random 
order chart, whether he was presenting the 
positive odour substance, or the negative 
stimulus, i.e. the odour diluent. 

In the last 50 trials, all handlers were kept 
uninformed about what they were offering the 
dog. A co-worker read the chart, and presented 
the handler with one stimulus or the other. 
The stimuli were contained in half-inch cubes of 
sponge affixed to identical, small glass dishes. 
At the low concentrations employed it was 
impossible for the handler to identify the 
stimulus unless he held it close to his nose and 
sniffed. This he was not allowed to do. Under 
these conditions performance consistently 
dropped to chance level. We repeated this 
procedure several times thereafter, alternating 
between sets of trials when the handlers knew 
and when they did not know what they were 


offering the dog, and always high level per- 
formance was obtained when the handler 
was informed, and low level performance 
followed when he was uninformed. 

Experience with Problem Box 2 seemed to 
indicate that animals performed better with 
meaningful stimuli than with substances with 
which they were not readily familiar. It also 
seemed that hand presentation of the stimulus 
at the choice assured sniffing. But, in the very 
process of stopping and holding the dog, the 
animal evidently was able to accept some 
secondary cue from the handler as long as any 
handler was able to discriminate between 
positive and negative stimuli himself. When 
the handler was not permitted to differentiate, 
the dog, now without subsidiary information 
to rely upon, rarely relied upon smell, and 
performance dropped to chance level. Handlers 
felt that they might have held the negative 
stimulus to the dog’s nose for a slightly longer 
interval of time than the odour stimulus in 
order to assure sniffing of an essentially odour- 
less substance, or a difference in pressure on 
the muzzle may have been involved in holding 
the dog’s nose over a specific dish. Whatever 
the unconscious manoeuvre may have been, 
it did not depend upon the idiosyncrasies of a 
single handler. 

It seemed perfectly clear now that there 


Odor conc. Dog 3 | Dog 4 t 
: in No. of _! ___ _________§§. p 
per cent. trials No. 
correct correct |  P* 3 
50 36 72 | <-005 = 001 i 
50 | <-001 | | < -005 
3 50 | — | | | Vv 
50 | - | a | 2 | | 
1 50 38 < 001 a | <0 | Vv 0 
50 “ | | mm | 4 | | <0 | VO) t 
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could be no contact between dog and experi- 
menter in a discrimination situation. Further, 
the dog must be required to smell at the choice 
point on every trial. 


3. Experiments with Problem Box No. 3 


Eleven new dogs were introduced to this box 
in the manner already described under Method. 
Five were to turn toward the right (black side) 
when they smelled odour, and left when they 
did not; six were to turn left (white side) to 
odour and to the right otherwise. We planned 
to give an animal 25 trials daily until 80 per 
cent. performance scores were obtained before 
introducing a less intense stimulus. Five per 
cent. clove oil in mineral oil and plain mineral 
oil were the training stimuli. They were dropped 
in 1 cc. amounts on sponges that plugged into 
the narrow end of an odour cone. 

The first 5-7 trials were always difficult. 
Naive dogs twisted about in the central chamber, 
clawed walls, stood on hind legs, or sat and 
howled. When, by chance, they first approached 
and sniffed at a cone, a buzzer sounded and the 
retaining walls of the central chamber rolled 


back allowing a choice of right or left hand 
turn. 

After 10-15 trials, a dog would ram its nose 
into the cone and cock its ears in anticipation 
of the buzzer. If we purposely delayed sounding 
the buzzer, the dog would withdraw its nose, 
look at the side walls, and push its nose back 
into the cone. 

It was, of course, impossible to tell what the 
dog’s olfactory experience was in such a situ- 
ation, or to be certain that the dog sniffed. 
Yet, humans reported that the odour cone 
smelled distinctly of clove which could be 
detected without marked sniffing. The negative 
cone was described as having “‘a clean, but 
slightly brassy smell.” One could only conclude 
that the dogs ought to detect a difference with 
minimal effort. 

Each dog was given from 100 to 400 trials 
depending upon the degree of success we 
encountered with the individual animal. Less 
time was spent with the balking subject who was 
making little progress than with the more 
promising animal. The daily score was based 
upon a test unit of 25 trials. Table V shows 


Table V. Discrimination Between 5 per cent. Clove in Mineral Oil and Mineral Oil. Problem Box 3 


. | Direction | Number Average score Average Highest percentage No. of 25 trial | Orientation 
og of turning | of per 25 trial unit 2 score attained in units in which _ tendencies 
_ toclove | trials r: > correct any 25 trial unit discrimination — 

| was achieved | Right Left 

1 | | 52 68 2outof9 | — — 

2 R 10 | | 14 44 66 loutof4 | — 

(slight) 

4| R | 12 52 60 | None 

5 R 175 | 16 9 68 80 2 out of 7 - — 
7 L 100 15 10 60 @ 1 out of 4 —_ — 

8 L 300 14 11 56 72 1 out of 12 —- — 

9 L 400 14 11 56 80 2outofl6é  —- — 
150 14 11 56 68 loutof6é — — 
L 175 15 10 60 80 Loutof? | —  — 
Group) L | | | 10 60 88 Qoutof6l 


The right and left hand group scores represent homogeneous populations. 


1) 

2) 
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that nine of the eleven dogs exhibited dis- 
crimative ability in one or more of these daily 
test units. However, only six animals ever 
‘attained our criterion of 80 per cent. correct 
responses or better in 25 trials. Scores better 
than chance expectancy were accepted therefore, 
even if they did not measure up to 80 per cent. 
performance. But when such scores were finally 
achieved, there was no guarantee that they would 
be maintained on a day to day basis. High level 
performance might be maintained for a stretch 
of 3 to 4 days at best. 

We tested thirteen more dogs in this way 
giving them a minimum of 600 trials and a 
maximum of 1,000. Despite the longer learning 
period, results were no better than those shown 
in Table V. Chance scores predominated with 
sporadic bursts showing occasional, but not 
consistent, discrimination. 

Discussion 

Problem Box No. 3 was, probably, our best 
experimental environment. Still it did not 
allow us to assess discriminative ability in the 
dog any better than the other two boxes. The 
dog very quickly learned what was necessary 
to gain egress, and escape became its prime 
motive, not olfactory discrimination. However, 
when, by chance or design, a dog executed a 
correct turn it seldom neglected to pick up its 
meat reward on the way out. Dogs were 
aware of the reward situation to the extent 
that they would sniff and lick at an empty meat 
pan even in the event of a wrong choice. 

On the basis of our best results with any 
problem box technique, an acuity limen for 
beef extract could be set at 7 x 10-4 g. extract 
per cc. of mixture. That for clove was 3.9 x 
10-2 g. clove oil per cc. mixture. Except when 
paraffin blocks were used, dogs were working 
with 1 cc. amounts of mixture. 

Human subjects characterised our strongest 
beef extract solutions as “smelling salty.” 
Our’ figures may well be reasonable since 
Buytendijk (1936) reports an absolute odour 
threshold for salt in dogs to be 1 x 10-4. 

Our values for clove seem high by other 
standards. Bierens de Haan (1926) reports 
training a dog to distinguish between 0.01 per 
cent. nitrobenzol and 0.01 per cent. eugenol. 
Our clove oil contained 82 per cent. eugenol 
as its chief odour constituent, yet our dogs 
failed to discriminate anything less than a 3 per 
cent. dilution, and they were comparing it 
against an essentially odourless substance. 
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Our future studies (to be reported shortly) 
were planned with the following generalitids in 
mind. 


1. Dogs ought to work better in a more 
natural environment which allows them to seek 
and sniff than they will in the confines of a 
problem box where escape becomes a prime 
objective. 


2. Contact between dog and experimenter 
must be rigorously avoided in the learning 
situation. 


3. Something more complicated than a 50-50 
choice proposition seems desirable to circum- 
vent the tendency to establish position habit 
responses. 


Summary 

In all, thirty-six dogs were used in attempting 
to establish olfactory discrimination in three 
types of problem boxes which required a right 
or left hand turning response at the choice 
point. In most instances it was questionable 
whether the animals were discriminating be- 
tween the odour substances when they made a 
successful response, or whether they were 
utilising some other set of non-olfactory cues. 
It was clear that they would use a flashing light 
or some useful signal from a dog handler to 
better advantage in associating a proper turn 
with reward than they would seize upon differ- 
ences in smell to guide them. They could readily 
learn the steps necessary to escape from a box 
without ever learning to associate a given 
odour with a proper turn. 


Acknowledgments 


Thanks and recognition are due to the 
following students of Duke University for 
technical assistance in the experiments and for 
their services as dog handlers: Philip Bourne, 
Ronald Hurst, Scott James, Jerome Schachter, 
Lee Sterling, Shin Tanaka, Karl Zener, Julian 
Zener, and Wilfred Zener. 


REFERENCES 
ee > _ 1948). The sense of smell. Advance Sci., 


Allen, W. F. (1937). Olfactory and trigeminal conditioned 
reflexes in dogs. Amer. J. Physiol., 118, 532-540 
Allen, W. F. (1938). Relationship of ‘the conditioned 
olfactory-foreleg response to the motor centres of 

the brain. Amer. Physiol., 121, 657-668. 

Allen, W. F. (1939). Effect of ablating frontal lobe, 
hippocampus, and _ occipito-parieto-temporal 
areas (except pyriform) on positive and negative 
= reflexes. Amer. J. Physiol., 128, 


Bit 


Bu 

M 

| fac 

Ur 

| stu 

Ses 

| Vi 


BECKER, MARKEE & KING: STUDIES ON OLFACTORY ACUITY IN DOGS (1) 103 


Allen, W. F. (1941). Effect of ablating pyriform-amygda- 
‘oid areas and hippocampi on positive and 
negative olfactory conditioned reflexes and on 
132, 81-92, differentiation. Amer. J. Physiol., 


Bierens de Haan, J. A. (1926). Sieben Jahre tierpsychol- 
in Amsterdam. Z. angew. Psychol., 


Binet, A. & Passey, J. (1895). Contribution a l’etude de 
lolfaction chez le chein. C. R. Congr. Assoc. 
fr. Avan. Sci., Part I, p. 292; Part 2, p. 659-661. 


—€ =~ F. J. J. (1936). The Mind of the Dog. Boston: 
Houghton Mifflin. 


Heitzearocder, C. (1913). Ueber das Verhalten des 
~_S gegen einige Riechstoffe. Z. Biol., 62, 


Most, K. (1925), Beitrage zur Frage der Verwendung von 
Hunden im Kriminaldienst. Eisenach, Deutscher 
Shaferhund-Verband, Berlin, p. 70 


EDITORIAL NOTE 


In 1949 a project having as its aim a study of the 
factors which govern the capacity of dogs to find hidden 
objects was begun by the Department of Anatomy, 
University of Birmingham, under the direction of 
Professor Sir Solly Zuckerman. Two years later, parallel 
studies were initiated by the U.S. Army Engineer Re- 
search and Development -Laboratories, Fort Belvoir, 
Virginia, the experimental work being carried out at 


Most, K. (1926). Neue Versuche ueber Spiirfahigkeit. 
Hund, 20-22. 

Most, K. (1927). Die Versuche auf menschengleichen, 
aber von Menschengeruch freien Spuren. Hund, 
469-475, 505-508. 

Most, K. (1928a). Das Problem der Spurenreinheit auf 
der menschlichen Spur im Lichte der zumal 
mit der Fahrtenbahn erzielten Versuchsergebnisse. 
Hund, 31-35. 

Most, K. (1928b). Die Priifung des Polizeihundes 
“Roland aus der Baderstrasse”’ auf Spurenreinheit 
am 9, 10, und 11 Juli in Kummersdorf bei Berlin. 
Hund, 319-324. 

Passey, J. (1895). Revue generale sur les sensations olfac- 
tives. Année psychol., 2, 363-410. 


Razran, H. S. & Warden, C. J. (1929). The sensory capac- 
ities of the dog as studied by the conditioned 
reflex method. (Russian Schools): E. Olfactory. 
Psychol. Bull., 26, 217. 


Accepted for publication 5th March, +1957 


Duke University, North Carolina and Stanford Research 
Institute, California. A close exchange of information 
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investigations throughout the course of the work. 

The present paper records the results of some of the 
experiments undertaken at Duke University. A pre- 
liminary account on one section of the British investi- 
gation has already appeared (Nature, 1957, 179, 1069). 
Reports dealing with the remaining aspects are in 
preparation. 
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COMMUNICATION AND RECRUITMENT IN PHARAOHW’S ANT, 
Monomorium pharaonis (I... 


By J. H. SUDD 
Department of Natural History, Queen’s College, Dundee (University of St. Andrews)* 


The ant Monomorium pharaonis can be kept 
in very simple artificial nests in the laboratory, 
perhaps because in the field it will nest in any 
small, warm, moist and dark place (Peacock & 
Baxter, 1949). This paper contains observations, 
made on small numbers of ants, about the way 
in which information about new sources of food 
is passed from one ant to another. This part of 
the behaviour of M. pharaonis has not been 
described before but Heyde (1924) described 
behaviour in the nest for seven other species of 
ant. Heyde’s main contention, which was that 
there are differences in the behaviour of young 
and old ants, and that this is due to learning, 
has not been investigated in the present paper, 
in which I have attempted to describe some of 
the ways in which worker ants communicate 
with one another, and to assess their effect 
quantitatively. 

The ants were observed through a binocular 
microscope set in the roof of a specially made 
constant temperature box. Usually groups 
of 8 worker ants with a queen and a few young 
stages were used in experiments. There were 
never sufficient ants for a lasting colony to be 
formed, however. These ants were kept in a 
perspex box which provided an illuminated 
area for foraging surrounding a darker nest 
cell the inside of which could be seen from 
above. The humidity of the nest cell was main- 
tained by a plug of cotton-wool soaked in a 
saturated solution of sodium chloride, which 
kept the cell sufficiently moist without causing 
any condensation. The ants left their young 
stages in the nest cell and carried food into it, 
which confirms that they accepted it as a nest. 
The temperature in the constant temperature 
box was 30°C. and the box was illuminated by a 
5-watt electric bulb day and night. 

In each experiment a record was kept of the 
number of ants in the nest cell and of the 
number of them that were moving, an observa- 
tion being made each minute. In some experi- 
ments a record was also kept of the number 


*Present address: Department of Zoology, University 
College, Ibadan, Nigeria. 


of times that the workers fed the queen or cach 
other in each minute, and the duration of each 
feed that the queen received was also noted. 
The ants for each experiment were placed in the 
experimental box about 24 hours before the 
experiment began, sugar being the only food 
added at this stage. During the first 20 to 30 
minutes of the experiment the ants were 
observed in these conditions, and then a small 
piece of liver was placed in the foraging area. 
Observations were continued until the queen 
received a feed of some duration, perhaps 30 
minutes later. 


Behaviour in the Absence of a Source of Food 


At the beginning of an experiment there were 
usually between 5 and 7 of the workers in the 


cell. The proportion of them moving was very | 
much more variable as periods of immobility | 


affecting all the workers occurred. These were 
broken by one worker which moved and dis- 
turbed a neighbour, whose movements in turn 
affected another ant, so that the onset of 
movement appeared to be propagated through 
the group (Fig. 1). The movements of the ant 
which broke the immobility were probably not 
related to a change in the obvious environmental 
factors as these were controlled, and if they 
were due to internal causes in each ant, move- 
ments would be more likely to occur when there 
were many ants than when there were few. 
The chances that an ant will be disturbed by 
a neighbour, and therefore the activity of the 
group of ants, should be greater, the greater 
number of companions that it has. Experiments 
which compared the activity of ants in groups 
of three and groups of nine showed that the 
difference was generally concealed by individual 
variation between ants, and the only time a 
significant difference was obtained was when 
the activity of a group of nine ants was com- 
pared with the sum of the activities of the same 
ants in three groups each of three ants (Table 1). 
In all other cases the significance was either 
doubtful or lacking, and in one case the smaller 
group had a significantly higher activity than the 
large one. 
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Fig. 1. The breakdown of inertia in a group of ants as a result of disturbance of ants by their neighbours. Each 
diagram refers to a different experiment and each graph refers to the diagram above it. 


The exchange of food between ants was 
generally in response to solicitation by the 
/ant which received the food. The following 
description applies primarily to the feeding of 
the queen by a worker, but worker to worker 
feeding does not differ in appearance. 

The queen approached a worker with her 
antennae half extended and a little abducted 
and beat with them on the frons of the worker. 
The worker might either pull away or remain 
and feed the queen. In the latter case the worker 
opened her mandibles fully and projected her 
labium slightly. The queen, with closed man- 
dibles, tipped her head a little to one side and 
inserted it between the worker’s mandibles to 
touch the labium. Presumably food was re- 
gurgitated at this point but nothing could be 
seen of this except a moistness of the worker’s 


worker began to move away. (Antennal beating 
was also performed when an ant fed from a 
non-living source.) In protracted feeds a 
further action sometimes occurred: the queen 
flicked her gaster up and down sharply 3 to 5 
times in a second. (This, too, was seen in other 
circumstances, notably when water was supplied 
to a colony which had been deprived of it and 
when workers were eating the epithelium of 
the extruded mid-gut of a worker when it 
became a pre-pupa.) Feeding was generally 
broken off by the donor and often provoked 
a burst of rapid antennal beating by the queen, 
which appeared to make the worker continue 
the feed in many cases. More rarely a worker 
might offer food to the queen by approaching 
her with opened mandibles. The queen’s 
antennal beating was not always directed to the 


labium. The queen usually continued to beat head of a prospective donor worker and was 
on the worker’s frons while she fed, and the sometimes delivered on the worker’s gaster; 
beating increased in speed and vigour if the’ this seemed to be quite ineffective in releasing 
Table I. Comparison of the Activity of a Group of Nine Ants with the Sum of the Activities of the Same Ants as Three 
Groups of Three 
Group of 9 Groups of 3 | Difference ss — 
Mean number of ants (1:23 + 1-69 + 1-77) | 
moving 7-15 =4-69 2-46 
| | 493 | >01% 
Standard error 0-30 0-40 | 0:50 | (n=24) 
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Fig. 2. The effect of supplying a new source of food on the number of ants in the nest cell and on the number of them 
moving. “Excited workers” are associated with recruitment to foraging. 


feeding. The duration of a feed was not usually 
more than a few seconds when two workers 
were involved but when the queen was the 
acceptor feeds sometimes lasted as long as 8 
minutes. 


The Effects of Finding a New Source of Food 


The number of ants in the nest cell, the 
proportion of them that were moving and the 
amount of food transferred to the queen 
were all altered by the addition of new food. 
This is most easily described by reference to the 
experiment which is summarised in Fig. 2, 
although this experiment had some unusual 
features. A queen, 8 workers and 4 fully-grown 
larvae were used in this case, and before liver 
was supplied the mean number of workers in 
the cell was 5.4 (67 per cent.). When the liver 
was introduced the number of ants in the 
cell and their activity did not alter immed- 
iately so that the effects of direct mechanical 
disturbance can be ruled out in this case. 
Workers found the liver very quickly (this is 
by no means always the case) and some of these 
workers entered the cell in an excited manner. 
Hitherto, when a worker had entered the cell it 
nearly always paused just inside the cell en- 
trance, or at most within 10 seconds of entering 
and washed its head and antennae. After that its 
movements in the cell were deliberate and it 
often turned aside to investigate food and 
larvae. When it met another worker they usually 
palpated one another, and often fed each other. 
Now they behaved differently. Not only did 
each move about the cell more quickly but its 


manner was quite changed. On entering the 
nest cell it did not wash or pause but dashed 
round the cell in a blundering way, without 
stopping to examine young stages. On meeting 
other workers or the queen, instead of touching 
them with its antennae and then avoiding them 
it pushed past but did not appear to make any 
specialised stimulatory contact with them. 
These “excited workers” did not feed other 
workers or the queen and they soon left the cell 
again. In what is perhaps a lower intensity of 
this behaviour a worker entered the cell at a 
good speed, and turned to go out again without 
washing. Excited workers were seen only during 
recruitment. 

Minutes in which excited workers were seen 
are marked with an “‘e” in Fig. 2. Their occur- 
rence coincided with the rise of the proportion 
of the workers moving to 100 per cent., and the 
departure of most of them from the nest cell. 
The queen does not leave the cell as a rule, 
although she may sometimes do so for about a 
minute. In some experiments more of the work- 
ers left the cell than in others, as one or two 
ants may remain with the brood, and in one 
case excited workers were not detected at all 
during recruitment. In this case a particularly 
energetic type of washing occurred, in which 
most of the workers went through the move- 
ments of washing themselves so violently that 
they often fell over. This was common also 
after the appearance of excited workers, among 
workers which did not respond at once by 
leaving the cell, but washed themselves violently 
before responding to a further group of excited 
workers, 
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The time spent in feeding at the liver varied 
considerably; in Fig. 2 the nest cell was almost 
empty for over 20 minutes, whilst in another 
experiment the number of workers in the cell 
was approximately normal within 5 minutes of 
recruitment. The number of ants in the cell 
generally rose gradually as ants returned in- 
dividually from foraging. There was little ex- 
change of food during recruitment and during 
the exploitation of the new food, partly because 
there were few ants in the cell. Exchange of food 
outside the cell was rare, but did occur and also 
has been seen in the field. The queen solicited 
food from those workers that remained in the 
cell or had returned to it from foraging. Her 
demands, however, were not usually met for 
some time, even by workers which had just 
returned from the bait. Eventually a returning 
worker responded by opening its jaws and the 
queen fed, sometimes for as long as 8 minutes. 
In other experiments a record was kept of each 
feed that the queen received. The frequency 
with which the queen solicited food was often 
less after liver had been supplied than before, 
because her chance of meeting workers was 
less, but when a worker did respond the queen 
was fed for a longer time. This is shown in Fig. 3, 
where feeds over 10 seconds in duration occur 
only after the addition of liver. The majority of 
“feeds” received before liver was supplied are of 
less than one second duration and may be 
supposed to have been unsuccessful solicitations. 

Discussion 
Food Regurgitation 

Vowles (1955) has reviewed food regurgitation 
in ants recently, and the account in this paper 
agrees in most respects with his. He phrases 
his descriptions, however, in terms of a pros- 
pective donor actively searching for an accep- 
tor, whilst in my experiments it was far more 
common for an acceptor to search for a donor. 
It seems likely that the behaviour is variable in 
this respect; in the conditions now described 
food was generally short and without much 
variety, and these conditions might well lead 
to a greater readiness to receive food than to 
give it. In such circumstances queens may 
actively pursue workers and solicit food, and 
in extreme cases the workers may flee from a 
soliciting queen. (Free 1956) found that hungry 
honeybees would solicit food and newly-fed 
ones offer it. Heyde (1924) describes both feeding 
which occurs “‘rein reflektorisch”’ as a response 
equally to another worker or to food held in the 
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experimenter’s forceps, and “das Betteln um 
Nahrung bei einer Gefahrtin” which is released 
by hunger or the smell of food or perhaps both. 
Although the antennal beating probably orien- 
tates the feeding ant to the donor, there is no 
doubt that it also releases feeding behaviour 
in the donor. Heyde calis it a stimulation of the 
individual which gives the food so that the food 
flows in greater quantity. This function is con- 
vincingly shown when antennal beating pro- 
longs a feed as the donor begins to move away. 
Free (1956) showed that antennal movements 
by a begging bee were an important releaser of 
the offering response, but antennal movement 
by an offering bee did not release begging. 
That the readiness of the donor to respond to 
solicitation varies according to the food supply 
is shown, at least for workers feeding the queen, 
by the increased proportion of successful 
solicitations which the queen achieved after 
the addition of liver. It is not clear whether the 
greater average duration of feeding after the 
provision of liver is due to the greater persistence 
of the queen in taking food or of the worker in 
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Fig. 3. The duration of the feeds received by the queen 
from workers, before and after the discovery of a new 
source of food, expressed as a histogram. Unsuccessful 
= by the queen is included in the group 0-1 
seconds. 
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giving it or to both. If both solicitation and 
readiness to respond to it were the expression of 
individual hunger the amount of solicitation, 
and the extent to which it was successful, would 
be measures of the state of nutrition of the 
queen and of the workers, if not of the colony 
as a whole. They could, therefore, act as a means 
of communication. There was, however, no 
evidence that a high rate of solicitation increased 
foraging activity, although the attentions of the 
queen did break up the inertia of workers in the 
cell, and as ants which did not move could not 
leave the cell, this removed an apparent check 
to foraging activity. 

There is a lag between the entrance of the 
first workers which have fed on the newly 
provided liver and the time when they feed the 
queen. It was not possible to measure this lag 
because one could not see when the first workers 
began to feed, but it was probably about 15 
minutes. The significance of the time lag is not 
clear, but perhaps a full crop is necessary before 
response to solicitation; workers which did not 
respond to the queen‘s solicitation usually left 
the cell again, and the worker which did eventu- 
ally feed the queen had usually just returned 
from foraging. 


Communication of a New Food Source 


In order to direct its resources to the exploit- 
ation of a source of food an insect society needs 
some kind of communication system so that 
food discovered by one worker is reached by 
others, if possible without the need for in- 
dependent search by the latter. As Ribbands 
(1954) suggests, the complicated systems of 
communication which exist in Apis mellifica 
must have evolved through simpler stages, and a 
primitive method of communication which 
could exist even in the absence of food-sharing 
might have been recognition of the scent of 
food brought into the colony by successful 
foragers. This information could be augmented 
by food-sharing, and excited movements of 
successful foragers might activate other mem- 
bers. The means of communication in Mono- 
morium pharaonis are essentially those which 
Ribbands outlines. One kind of communication 
involves the sharing of food brought in by 
foragers. This is obviously capable of carrying 
information about the availability of food and 
the need of the colony for food, but there is no 
evidence that it induces any specific change in 
behaviour such as beginning to forage. Possibly 
it may affect the behaviour of the ants in some 


more general way, perhaps by altering their 


readiness to respond to other stimuli; it might 
be said to be “for information” rather than 
“for action”. 

The second type of information involves the 
activation of workers by their fellows. This 
type finds its highest known expression in the 
“Dance Language” of the Western Honeybee 
(von Frisch, 1923, 1946). The dances of. the 
honeybee entail the transfer of excitement from 
a forager to another bee, but a fair amount of 
specific information about the direction, distance 
and richness of a food source is also conveyed. 
This additional information is apparently re- 
ceived by the other worker by imitation of the 
movements of the returned forager. The specific 
meaning of the dance is ensured by the specificity 
of the movements and by the accuracy with 
which they are imitated. The position resembles 
that outlined for an orientated response by 
Tinbergen (1951) where the distinction is made 
between the fixed pattern and the taxis com- 
ponent. The bee dance has two components 
too; one is the excited movements of the dancing 
bee and the other the relation between their 
orientation, rapidity and vehemence and the 
direction, distance and quality of the food 
source respectively. The activation is, so to 
speak, the carrier wave on which more specific 
movements are imposed as modulations. Al- 
though it has been claimed (e.g. Wasmann, 
1909) that as refined a system exists in ants no 
evidence has been produced. In Pharaoh’s Ant 
it seems that the fundamental component of this 
kind of communication—activation—occurs, 
but that it is without the superimposed vocabul- 
ary; it is like a bonfire beacon rather than a 
lamp signalling in code. Butler (1954) has 
described excited movements without any 
orientation component in successful foragers of 
Apis florea, and in Apis mellifica fed within the 
hive. 

Activation in Pharaoh’s Ant is however 
capable of variation in degree. At its lowest 
level it consists of the disturbance to neighbours 
caused by spontaneous movement of ants. 
Since worker ants in experimental conditions 
have a tendency to inertia, this tends to main- 
tain activity. A higher level is a more specialised 
form of this and involves stimulation from 
specifically stimulated ants. No type of move- 
ment is known to be specific to this level, but 
the possibility of specific scents or sounds cannot 
be ruled out, and it seems likely that the scent 
of food may add to the information. Sight, 
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however, seems to be of little importance. It 
is strange that food sharing has not been seen 
at this point in M. pharaonis; Heyde (1924) 
describes both antennal beating and food- 
sharing as components of communication at 
this stage of recruitment in the ants she studied. 
The apparent absence of information from 
foragers about the direction in which the food 
lies is not so unexpected; the importance of this 
information to the honeybee recruit is that she is 
able to fly directly to the food, in M. pharaonis, 
as a further paper will show, ant recruits follow 
the trail which successful foragers have laid 
and need no other information about the 
direction to take. 


The Significance of Washing 

In the nest cell ants washed themselves in 
certain well-defined situations which suggest 
that it has some at least of the characters of a 
displacement activity. Washing occurred at 
normal intensity (a) among workers which had 
entered the cell “‘normally”’; (6) during foraging, 
before the general movement of workers from 
the cell, or in a queen or worker not taking 
part in that movement, and (c) in the queen 
after receiving a protracted feed. 

“Violent washing” occurred only in the second 
situation. It seems possible that washing par- 
ticularly in its violent form was a displacement 
activity; violent washing is so vigorously per- 
formed that its utility in cleaning the animal is 
doubtful. Yet it differs from Tinbergen’s (1951) 
definition of a displacement activity. First, it is 
not incomplete in form but performed with a 
vehemence that makes it difficult for the ant 
to keep its feet. Secondly, according to Tinbergen 
displacement activities occur either when there is 
“conflict of two strongly activated antagonistic 
drives’ or when there is “‘strong motivation 
of a drive . . . together with lack of external 
stimuli required for the release of the con- 
summatory acts belonging to that drive.” 
Now violent washing does occur in the second 
type of situation when excitement is building 
up before most of the workers leave the cell 
at the end of recruitment. Less intense washing 
occurs, however, when a worker enters the nest 
cell, and when a worker or queen ceases to 
receive food regurgitated by another worker. 
It seems to occur then also at times when there 
is a sharp change in the ant’s motivation, 
without the two kinds of motivation existing 
simultaneously, except perhaps momentarily. 
This seems to be a new context for displacement 
activities, 


Summary 

1. Experiments were carried out with popu- 
lations of a queen and about eight workers of 
Monomorium pharaonis (L.) kept at constant 
temperature in very artificial conditions. Food- 
sharing occurred between the members of the 
group; workers fed the queen and each other, 
very rarely the queen fed a worker. The be- 
haviour associated with food-sharing is de- 
scribed. The activity of the ants was variable 
and sometimes none of them moved for a few 
minutes, this inertia was broken by spontaneous 
movements of one ant which disturbed its 
neighbours. 

2. When a new source of food (rabbit liver) 
was added the behaviour of the population 
altered. Foragers, who appeared to find the food 
by undirected search, returned to the nest and 
entered in an “‘excited” way, which is described. 
This excited behaviour caused all but one or 
two of the workers in the nest cell to leave the 
cell and feed at the liver. After a variable time 
the workers returned to the nest cell. The queen, 
who rarely foraged, was not fed at once by the 
returned workers, and often she solicited food 
without success for 20 minutes. 

3. The methods by which Monomorium 
pharaonis workers communicate with one an- 
other are discussed in relation to those of other 
social insects. The significance of washing in 
their behaviour is also discussed. 
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Introduction 


Folk observations widely recognise varieties 
of temperament in male bovines. Again it is 
popular knowledge that behaviour is fairly 
constant for each bull and is linked to temper- 
ament. A French writer has judged the temper- 
ament of the bull according to strength, balance, 
liveliness (Parez, 1953). A translation of a section 
of his work is given below. 

“1. The animal of strong temperament is 
distinguished by bold behaviour, he behaves 
quietly in accustomed surroundings, his reflexes 
are quickly formed. The animal of weak temper- 
ament is timid, he is afraid in unaccustomed 
surroundings, he has difficulty in forming new 
habits. 

“2. The balanced animal is one in which an 
inhibiting stimulus will not triumph over 
external stimulating conditions. If the animal’s 
nervous system is strong, the stimulating process 
will be dominant, he will not be inhibited. This 
animal will have difficulty in responding to the 
will of man. 

**3, Finally the animal may be of lively or 
calm temperament. The former pass very 
quickly from excitement to calm. They respond 
well to guidance. According to this classification 
by Pavlov it appears that ideal character type 
for the artificial insemination bull is the strong, 
balanced, lively type.” 

In this classification, the differentiating points 
featured are some commonly recognised con- 
trasting aspects of behaviour. The system has 
certain faults. No separate description is given 
of every character type observed. No indication 
is given as to the relative occurrence of character 
types. Certain anomalies exist. Balanced char- 
acter is given as a feature on which character 
is judged but no alternative to balance is 
described. That type of bull described as weak 
cannot be balanced according to the author’s 
experience. Again strong temperament is synony- 
mous with balance when the definitions of 
Parez and attributed to Pavlov are applied to 
the author’s experience. The bulls forming the 
subject of the French work were those observed 
on one A.J. centre and cannot be very repre- 
sentative, 


THE DISPOSITION OF THE BULL 


By A. F. FRASER 
Lanark 


The behaviour of bulls warrants further study 
and in this pursuit the bull is found to be a most 
fascinating subject for the student of mammalian 
behaviour. The classification of personality 
type as made out in this paper differs from that of 
Parez in many respects with the object of 
providing a more comprehensive view of the 
subject. It is hoped to identify recurring patterns 
of behaviour in bulls and thereby to render 
anticipation of these characteristic reactions 
more accurate. Whilst doing this it is hoped to 
show the relative sizes of the various groups and 
their make-up according to the age and breed 
of the individuals and to indicate the occurrence 
of mental dysfunctions in bulls, taking the 
form, in the writer’s opinion, of neuroses. A 
theory is put forward on the aetiology of the 
bull’s neurosis. The threat display of the bull is 
also described. 


Material and Methods 


Observations were made on the behaviour 
of three bulls in the Chillingham herd of Wild 
White Cattle but the main study was on 76 
bulls in herds of pedigree cattle throughout 
Scotland. Five breeds were represented as shown 
in the table. The ages varied from one year 
old to fifteen years old. Each bull was pedigreed 
and considered to be a good specimen with high 
breeding value. In each case he was housed or 
kept separate from other stock on the farm. 
Each was a member of a large herd usually over 
150 in number. Matings were controlled with 
regard to the limited number of females offered 
for service and on such occasions the bulls were 
restrained by halters and sometimes additionally 
by ropes or bull poles to nose rings. In all two 
hundred and sixteen visits were made to these 
bulls and on each visit the bull was observed 
for seldom less than one hour and customarily 
more. Each visit was an occasion of semen 
sampling and the observations were made on 
the bull out of doors in company with a teaser 
cow. Further observations were made on his 
behaviour in in-door confinement but these were 
seldom revealing. Some of the bulls were 
observed out of doors during the summer 
months. On every occasion the observations 
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Table I. The Grouping of the Seventy-six Bulls According to Individual Breed, Age and Breed Type. 


Breed Type Dairy 


| 
| Total 


Beef 


Individual 


reeds Fresian 


Jersey 


Beef 
Shorthorn 


Aberdeen 
Angus 


1-2 years 


2 years and 
over 


3 
| 20 4 


4 


individual 
breed totals 


were made personally by the writer and re- 
corded before another bull was visited. Fre- 
quency of revisits established constancy in 
behaviour. There was no selection of material, 
all bulls being offered by farmers for the purpose 
of semen collection and every one was included 
in the records. This work covered a period of 
two years. 
Types of Disposition According to Behaviour 

In the study six behaviour groups emerged. 
These are groups A, B, C, D, E and F in the 
following discussion and in the charts. With 
regard to this typing of disposition, it is ad- 
mitted that infrequent occasions exist when the 
customary reaction is not the one revealed. 
In addition, it is acknowledged that sometimes 
there occurs a small amount of overlapping 
of groups so that a wider range of behaviour 
patterns is possessed by some given individual 
bulls. All the character features mentioned by 
Parez are embraced. 


ig. 1. Entire group of bulls. 


Fig. 2. Bulls of beef breeds. 


Fig. 2a. Bulls of beef breeds, 1 to 2 years old. 
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Group A. 

In the main the individuals of this group 
are sexually immature, such immaturity usually 
being coupled with youthfulness, though rarely 
it may persist to adult life. Fig. 3a shows 
young bulls to be predominantly of this group. 
The behaviour is characterised by interest or 
even curiosity and a general lack of self will. 


Fig. 2b. Bulls of beef breeds over 2 years old. 


Fig. 3. Bulls of dairy breeds. 


Compliance is the striking feature and the 
overall picture is of a stable personality. Bulls 
of beef breeds were predominantly of this type 
and the group represents 49 per cent. of the 
total number. 


Group B 
Those in Group B (22 per cent.) are also 


of stable personality, but this is modified in its 
appearance in behaviour by the presence of a 
greater sex drive, apparently attained with 
maturity of age according to Fig. 3b. The 
general behaviour revealed is of a masterful 
type tempered by some self restraint and the 
bulls of this group show some audaciousness 
without malevolence. This group overlaps 
the next group C a little and some individuals 


F 


Fig. 3a. Bulls of dairy breeds, 1 to 2 years old. 


Fig. 3b. Bulls of dairy breeds over two years of age. 


of apparent heirarchical status (king bulls in the 
Chillingham herd—Whitehead (1953)) could be 
almost as readily placed in B as in the group 
finally chosen, i.e. C. 


Group C 
This is perhaps not the most sharply defined 
category; rather is it an attempt to bridge 
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the gap between the clearly stably-disposed 
animals in A and B and the ill-adjusted subjects 
in D, E, and F. Certainly aggressiveness is 
shown, but this would appear to be within the 
normal limits expected of the sexually mature 
male of this species. So it is within group C 
that transitional conditions may also be repre- 
sented. At the same time it contains a dominant 
personality type which the writer wishes to put 
forward as some evidence of a mating heir- 
archical system. Such individuals through a 
constantly applied aggressiveness towards breed- 
ing associates or competitors finally demonstrate 
combatant superiority which carries with it 
high mating rank. This is seen most clearly 
(and mentioned by Darwin (1872) ) in the 
undomesticated wild white cattle of Chilling- 
ham where only one bull has exclusive mating 
activity with the females in a herd which 
customarily includes a varying number of 
sexually mature bulls. It has also been noticed 
on an Artificial Insemination Centre in a group 
of freely associating bulls, that one member 
was clearly in command, a position attained 
and held by superior strength and applied 
aggression, Swanney (1956). In this latter case 
the bull also showed the highest libido of the 
group at mating. In contrast to the aggression 
found in certain other groups, the aggression 
displayed by members of group C is directed, 
almost exclusively, towards other bulls and then 
was mainly reserved for those occasions when 
others chose to challenge him. 

Group C (8 per cent.) if not composed entirely 
of such individuals described as king bulls: 
many are found to have the behaviour pattern 
of the group without the implication of breed 
dominance. 

The members of the groups which follows 
ie. D, E, and F, reveal in behaviour varying 
degrees of disharmony with the immediate 
environment, the possession of which detracts 
from their functional ability and appears to be 
permanent once acquired, as it usually is in the 
age range three to five years old. Trautwein 
(1954) also states this to be the period of life 
when change in temperament is most likely to 
occur. They form 21 per cent. of the total 
Observed in this work and provide some in- 
dividuals popularly described as mad. The 
author considers them to be neurotic. Whilst 
the incidence at first seems high, a different 
view is formed when it is seen that the individuals 
of the highest potential danger to man (group E) 
represents only 5 per cent, 


Group D 

The behaviour of the bulls in this group 
(5 per cent.) features the primitive activity of 
aggression. Efforts to attack or at least threaten 
humans are the notable features of that aggress- 
ion. The aggression is often unwarranted, but 
the degree and frequency is less than in group E. 


Group E 

The bulls in section E exhibit almost constant 
aggression, often to a marked degree and 
represent 5 per cent. of the total of 76 observed. 
They are popularly reputed to be killers by 
imaginative or factual description. However, 
they are not placed in this group by possession 
of a history of infliction of serious injury on a 
human, a common but inaccurate yardstick. It 
has been stated, Fraser (1957), that one instance 
of self-release from domesticating inhibitions 
often produces a permanently aggressive be- 
haviour in the bull, so that a build-up of aggress- 
ion over a period of time as is suggested by 
Figs. 3a and b is not the only manner of ad- 
mission to this category. It can occur spon- 
taneously. A high level of libido was usually 
associated and it is considered that aggression 
to the degree stated (compared with group D 
at least) may have been due in part to excess 
libidinal energy. 


Group F (11 per cent.) 

This class contains the bulls which possess 
apprehension to an irrational degree. The 
apprehension varies in intensity from timidity 
to frank fear. The foundation of their general 
behaviour is flight from disturbing stimuli, 
in particular, unaccustomed features of en- 
vironment. 


Types of Disposition According to Behaviour and 
Associated with Mental Dysfunction 


D, E and F represent those bulls of volatile 
temperament analogous to the anxiety state, 
which experience suggests to be the result of 
unresolved conflict. The conflict suggested is 
that created by the co-existence of two inde- 
pendent variables namely a high level of 
libido or positive sexual drive on the one hand 
and the perception of threat in features of the 
immediate environment on the other hand, 
frustrating the sexual urge. The threat may 
only be implied and may be the smallest and 
most innocent gesture of a human attendant. 

These appear to be the two factors necessary 
in creating the conditions of conflict, Certainly 
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with regard to the libido factor being present, 
the anxiety state has not been seen in the 
bovine creature. For an anxiety state to be- 
come asserted, it appears that there must be 
one or other of these two factors overruling 
the other in the conflict and this factor required 
to occupy this position regularly. For example, 
if the two factors—sexual urge and perception 
of threat—exist together in given degree in 
an individual bull then a conflict arises and 
when the perception of threat is over-ruling 
and inhibits libidinal outlet, an anxiety state 
(after some experience of this) is created. In 
this instance the effect on the personality of the 
bull would most likely be the establishment of a 
fear complex. 

Conversely, when the two factors clash and 
the energy of sexual urge overrules in dictating 
behaviour, then the anxiety state eventually 
established causes the behaviour to reveal 
aggressiveness, the aggressive behaviour being 
prompted by the energy and emotion derived 
from the high level of libido thereby being a 
parallel to certain Freudian principles. 

The explanation of the transposition of these 
anxiety states of bulls in D, E and F into be- 
haviour patterns is offered below.. 

The over-ready demonstration of the fright 
posture (Fraser, 1957) arching of the body 
and overall rigidity, reveals the existence of an 
established anxiety state which is customarily 
the result of libido subjected by fear, i.e. group F. 


On the other hand the ready demonstration 
of aggressive behaviour (threat display) as the 
result of modest challenge, is again symptomatic 
of the existence of an anxiety state but with 
libido dictating the mode of behaviour adopted, 
when threat is recognised, i.e. aggression. 


This aggressive behaviour is shown most 
completely when the subject is at free range, 
when he approaches any source of threat and 
bellows loudly, paws the ground throwing soil 
over his back, and rubs the side of his face 
vigorously into the ground whilst bending down 
on his knees like a praying attitude. This 
pawing and face rubbing behaviour is not 
exclusively shown by bulls whose disposition 
mainly produces aggression, i.e. groups D and E. 
For instance, in the case of the timid bulls 
in group F when threat approached the threat 
factor was the greater in the conflict and the 
fright posture was shown. However, as the 
threat receded, so did the importance of that 
factor in the conflict and some characteristic 


but mere bluff aggressiveness was exhibited 
by pawing and face rubbing. 

Conversely, it was seen by the writer on one 
occasion that a frequently aggressive bull at 
free range showed the threat display, bellowing 
and pawing on the appearance of an intruder, 
but when constant and increasing challenge was 
made to the bull he finally demonstrated the 
fright posture and retreated. Thus his customary 
aggressive disposition altered to fear in this 
conflict situation when the threats made to 
him increased. 

So it is shown that behaviour appropriate 
to the established reaction pattern is not con- 
stantly evoked. Nevertheless, such deviation 
from constancy only occurs under extreme 
circumstances, when it is possible that other 
factors such as the instinct of self-preservation, 
modify the customary reaction. 

That the disposition of the bull is dependent 
to some extent on the age and breed type is 
shown in the appropriate charts. From them 
it is apparent that the young subject of dairy 
breed type and subjects of beef type possess 
mild temperaments. Adult dairy bulls show a 
wide range in the temperament variation and 
the figures here show a high number of subjects 
with aggressive dispositions supporting the 
popular tradition of ferocity in the bull. 


1. Observations were made on the behaviour 
of 76 herd bulls on 216 occasions of semen 
collecting. 

2. The behaviour of bulls in the Chillingham 
herd of Wild White Cattle was observed and 
one feature of their behaviour is discussed. 

3. Constancy in behaviour of bulls was 
observed. 

4. According to the behaviour observed on 
each visit the disposition of each bull was 
gs in one of six groups A, B, C, D, E, and 


5. The behaviour pattern of each group 
is briefly described. 

6. Young bulls are seen to be of stable 
personality. 

7. Adult beef bulls are shown to reveal 
mainly docile behaviour. 

8. Adult bulls of dairy breeds are shown to 
have wide variation in behaviour and a great 
many to be neurotic. 

9. Neurosis is thought to be revealed by the 
behaviour of all the bulls in groups D, E and F, 
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10. A theory on the aetiology of this neurosis 
is put forward and is based on the conflict of 
two factors—libido and threat in environment. 

11. The threat display of the bull is described 
as occurring in aggression, being different to 
that demonstrated in apprehension. 
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CONSEQUENCES AND GOALS 


SOME ISSUES RAISED BY Dr. A. KORTLANDT’S PAPER ON ‘“‘ASPECTS AND PROSPECTS 
OF THE CONCEPT OF INSTINCT’’* 


By R. A. HINDE 
Madingley Ornithological Field Station, Department of Zoology, University of Cambridge 


No single approach to behaviour study is 
adequate by itself, for progress along any one 
line must be supported by advances along 
others. The merit of Dr. Kortlandt’s recent 
paper on “‘Aspects and prospects of the concept 
of instinct” is that it attempts to co-ordinate 
data obtained from several approaches— 
especially hormic psychology, medical psycho- 
logy and psychoanalysis, and recent more 
objective studies of animal behaviour. It thus 
includes a valuable synthesis of much previous 
literature, as well as an elaboration of the 
writer’s own views on the organisation of 
behaviour. The paper also makes available in 
English some of Dr. Kortlandt’s own observa- 
tions on the behaviour of Cormorants previously 
published in Dutch. These are the result of many 
years’ study of wild and captive individuals and 
will whet the reader’s appetite for Dr. Kort- 
landt’s forthcoming book. Many of the points 
raised—especially those derived from ontogen- 
etic studies—demand the attention of students 
of animal behaviour. 

The purpose of this article, however, is not to 
review Dr. Kortlandt’s paper but to draw at- 
tention to a difficulty which must arise in any 
attempt to erect a theoretical system which 
attempts to explain behaviour. Behaviour is 
diverse: an attempt to squeeze it into a system 
involving only a few explanatory concepts 
is liable to lead to one of two results—either 
facts which do not fit will be ignored, or the 
concepts will be stretched until they become 
valueless. 

Kortlandt’s theoretical scheme depends on 
two basic concepts, namely “goal” and 
“‘appetite.”” Goal is defined (p. 172) as follows: 
**A goal is either the performance of a specific 
activity (consummatory act) or the presence of a 
specific external object or situation (consum- 
matory situation) which causes the ending of a 
variable sequence or series of activities (in- 


*Kortlandt, A. 1955. Aspects and prospects of the 
concept of instinct. Arch. Néerl. Zool., 11, 155-284. 
Published separately by E. J. Brill, Leiden. Page 
references refer to this paper. 


strumental acts or appetitive behaviour) /eading 
to this particular activity or situation.” Thus a 
goal is a cause “‘not of a beginning but of an 
ending;”’ and the concept can be used objectively. 

Closely linked with the concept of “goal” 
is that of “appetite.” “If we observe that an 
animal is striving towards a goal and in doing 
so demonstrates in its behaviour an adaptive 
variability in such a way that variations serve a 
purpose, then we are sure that we are dealing 
with the expression of an appetite which needs 
satisfaction” (p. 170). Thus “ ‘appetite’ means 
about the same as instinct” (p. 188); and the 
appetite is said to “originate the drive.” Appe- 
tites can, however, be described only in relation 
to goals. 


The minor difficulties in these definitions, 
such as the precise meaning of “‘causes,” “‘lead- 
ing to,” “adaptive variability’ and “purpose”, 
how one “‘sequence of activities” is to be dis- 
tinguished from the next, and so on, need not 
be considered here. It is more important to 
examine how “goals” are in fact identified in 
Kortlandt’s scheme. Before an object or situ- 
ation is labelled as a goal of a given behaviour 
sequence, it should be necessary: (a) to dis- 
criminate between the various consequences of 
the behaviour according to whether they do or 
do not contribute towards its cessation; and 
(b) to designate criteria whereby those which 
are to be regarded as goals can be distinguished 
from those other factors which, although in- 
hibitory, are not. 

In practice Kortlandt often fails to do this, 
designating “‘goals” without applying any rigid 
criteria. Not only does this make the concept 
of goal so loose as to be valueless, but it causes 
a serious weakness at the basis of his theoretical 
structure. Some examples will make this plain: 

(i) In nest building, an adult Cormorant uses 
various movements which can be referred to as 
“twig quivering” which serve to fix twigs 
into the nest. The movements are very persistent 
until the twig is fixed, and then cease. Thus, 
in conformity with his definitions, Kortlandt 
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stulates an “appetite for fastened twigs” 
(p. 170-171). 


(ii) The young Cormorant quivers ‘“‘only 
at random” and “‘is not interested in the out- 
come of its twig quivering.”’ Kortlandt therefore 
suggests that quivering “‘is a goal in itself and 
an expression of the quivering appetite as 
such.”’ (p. 170-171). This is equivalent to saying 
that quivering “‘causes the ending” of quivering. 
This is not necessarily the case—there could, 
for instance, be interference by other response 
tendencies. But even if it is, many processes 
could be involved—habituation, muscular 
fatigue, inhibitory proprioceptive feedback, and 
so on. To say that quivering is the goal of 
quivering thus tells us nothing. 


(iii) In a discussion of feeding behaviour, 
Kortlandt argues that “If the young bird is 
forced to regurgitate its food it will very soon 
start begging again, so evidently it cannot be 
satisfied by eating without digesting food. 
Therefore the young bird’s ‘goal’ is not (or not 
only) eating and swallowing, but also alleviating 
hunger pangs” (p. 205-6). Here again he fails 
to make clear the nature of the goal. The 
cessation of hunger pangs may be correlated 
with the cessation of feeding, but so are a lot 
of other things (change in blood composition, 
distended stomach, etc.). The observation tells 
us nothing about the critical factor or factors, 
and a vague mention of first “digestion” and 
then “alleviating hunger pangs” merely confuses 
the issue. 


(iv) On p. 207 Kortlandt states that “the 
goal of fighting in many species is not so much 
fighting in itself, but rather to establish a social 
organisation which makes fighting superfluous.” 
There is a confusion here between particular 
fights and fighting in general. The social organ- 
isation does not ‘‘cause the ending” of particular 
fights. Nor do the fights ‘lead towards” the 
social organisation. Social organisation is an 
indirect consequence of the fighting, but not a 
goal. The fighting behaviour of individuals is 
modified through contacts with other in- 
dividuals—and these modifications, just like 
the fighting itself, have a functional significance. 
They result in a social organisation, but this is 
not equivalent to saying that the social organ- 
isation is the goal of the fighting. 

(v) Kortlandt draws different hierarchical 
schemes of appetites for male and female 
Cormorants (p. 175). In the female, the nesting 
behaviour, together with incubating and rearing 
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the young, is considered to be dependent on 
the “‘parental appetite”, whereas in the male 
“owning a nest” is considered to be independent. 
The evidence for this distinction is that in the 
male nesting may go on throughout practically 
the whole reproductive season, whereas in the 
female it starts only when she becomes broody 
and finishes when the young fledge. “‘Her acting 
and striving towards the possession of a nest 
is only appetitive behaviour subordinate to the 
appetite for incubating eggs and caring for the 
chicks, i.e. parental behaviour.’”’ In Kortlandt’s 
terminology, then, owning a nest is not a goal 
for the female, but merely a means towards 
the goal of rearing chicks. Owning is therefore 
represented on his diagram (ig. 4) by the 
symbol for a “motor mechanism serving the 
satisfaction’’ of an appetite—but the nature of 
the motor behaviour involved in owning a nest 
(as opposed to building or acquiring one) is not 
indicated. There is, of course, an unjustified 
anthropomorphism here. The various behaviour 
patterns involved in building or acquiring a nest 
are probably brought to an end by the situation 
of owning a nest in the female to much the same 
extent as they are in the male. The cessation of 
territorial defence when the young fledge, which 
is Kortlandt’s sole evidence that the rearing of 
chicks ‘‘causes the ending” of nesting behaviour, 
indicates that the various nesting patterns are 
no longer aroused (perhaps a change in endo- 
crine states?), but this relation is of a different 
nature from that implied in Kortlandt’s definit- 
ion of goal.* Successful rearing of the chicks 
is one of the many consequences of owning a 
nest, but there is no evidence for regarding it 
as the goal in Kortlandt’s sense. 

Kortlandt thus fails to provide sufficiently 
rigid criteria for recognising a “goal.” His 
description of a goal as the “‘cause of an ending” 
implies an over-simplified causal chain view of 
the sequence of events (Hanson, 1956). Basically 
his method is to look for the other events 
correlated with the cessation of an activity, 
and then to designate one of these, chosen 
apparently arbitrarily, as the goal. He therefore 
groups “owning a nest,” “alleviating hunger 


*Kortlandt himself distinguished between “drive” 
used to indicate something which may fluctuate from 
second to second, which he calls “impulse,” and 
“‘drive’’ used to indicate the average “‘impulse”’ over a 
period, which he calls “tendency” or “inclination.” 
His definition of “‘goal’’ (see above) must refer to 
lowering of “impulse” (i.e. the end of a series of 
activities), but he often uses it to refer to something 
correlated with a fall in “inclination,” 
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pangs” and “quivering” as goals, although 
cessation of the behaviour in question is cor- 
related in the first case with attaining a new 
situation not present before the behaviour was 
elicited, in the second, perhaps, with the re- 
moval of some of the eliciting factors, and in the 
third with nothing at all. Such a procedure 
cannot assist causal analysis. The mechanisms 
underlying behaviour are diverse, and a given 
pattern of behaviour may be brought to an end 
in many different. ways. Nothing is gained by 
grouping all “causes of endings” under one 
heading. 

This loose use of “‘goal’’ is both unfortunate 
and unnecessary. Unfortunate, because etholog- 
ists have recently (though perhaps tardily) 
become aware of the importance of the per- 
ception of stimuli in causing the cessation of 
one form of behaviour and the elicitation of the 
next. The concentration on stereotyped motor 
patterns, fruitful though it has been, must yield 
room for a parallel study of “‘goals,”” which in 
some cases may be equally stereotyped. Kort- 
landt does great service in emphasising this, 
but his loose use of the concept of goal is un- 
necessary. Related concepts have been used 
fairly precisely, and could be defined either by 
reference to a negative effect on the preceding 
behaviour (e.g. the Reafferenz principle of von 
Holst & Mittelstaedt, 1950; see also Bastock, 
Morris & Moynihan, 1953; Hinde, 1954; 
Thorpe, 1954, 1956) or to a reinforcing effect 
(MacCorquodale & Meehl, 1954). 

In comparing the behaviour of different 
species, or even different behaviour patterns 
of the same species, it is always necessary to 
be aware of the extent of the causal implications 
carried by the term used. “‘Appetitive behaviour” 
for example, is usually used in a purely descrip- 
tive sense and can be applied to butterfly and 
bird without any implications of similarity in 
causal mechanisms. For the most part, Kort- 
landt uses goal in a similar manner, but his 
theoretical scheme is valueless as a guide to 
causal mechanisms unless it is taken to contain 
the further assumption that all goals affect 
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behaviour by similar mechanisms. Some con- 
sistency in the use of the term goal is essential— 
is it to be a broad and purely descriptive term, 
or is it to be limited.to, say, stimulus situations 
towards which the animal’s behaviour is 
directed and which, when achieved, inhibit 
that behaviour either directly or by removing 
the eliciting factors? Or it is to be defined in 
terms of a reinforcing effect? 

Of course the inclusion of causally diverse 
phenomena in one category occurs frequently 
in other contexts. “Displacement activities,” 
for example, is a useful descriptive category, 
but the causal mechanisms involved are certainly 
heterogeneous. “Instinct,” on the other hand, 
normally carries implications about the sort of 
mechanisms involved—but an “epistemophilic 
instinct” (Klein, 1932) is likely to have quite a 
different kind of causal basis from a “repro- 
ductive” one. 

It remains to emphasise that although Kort- 
landt’s loose use of “‘goal’’ represents a central 
flaw in his theoretical system, this must not be 
allowed to distract attention from the many 
other aspects of his paper: the breadth of Dr. 
Kortlandt’s knowledge is certainly stimulating 
and his paper will provoke much discussion. 
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CORRESPONDENCE 


Social Habits of a Herd 
SiR, 

The normal pattern of behaviour of a herd of 
horned beef cattle under field conditions during 
the grazing season is well known, At rest, the 
cattle are moderately dispersed. The calf of each 
cow occupies a position near its dam. The bull 
lies down near its current inamorata. 

Polled herds aggregate more compactly at 
rest. Otherwise, the general pattern is the same 
except when flies are a nuisance. At such times, 
horned herds break up into small units. Polled 
herds aggregate more compactly still. 

An unusual herd of polled beef cattle is 
maintained here in which each cow raises two 
or three calves instead of the natural one. The 
pattern at rest is different again. The bull 
occupies the central position. It is surrounded 
by cows and calves in some confusion with a 
strong preponderance of cows at the perimeter 
of the group. The group is often very compact. 

In this herd a cow resents a second calf being 
fostered on with its own more or less strongly. 
It repulses two foster calves less vigorously. If it 
is arranged for still other calves to join in the 
general attack at suckling time, the cow is much 
confused and offers little resistance. 

Later, as the three calves realise that there is 
general poaching, they do likewise. From this 
stage forward, though cows in the herd have 
evident favourite calves, there is a general 
pooled milk supply shared by all calves. 

In this herd as summer advances many of the 
calves see-saw gently under the electric fence 
and seem to enjoy, particularly over the tail- 
head, the slight sensation of electricity carried 
down through the hairs. 

Are these calves endeavouring to substitute 


for the tail-head massage that a cow normally . 


gives her single-suckled calf while it is suckling? 

What significance has this phenomenon? 
STEPHEN WILLIAMS. 

Boots’ Farms, 

Thurgarton, 

Nottingham. 


> New Technique for Sheep Behaviour Studies 
IR, 

The stocking of some of New Zealand’s hill 
country has raised the question of what is the 
comparative ranging behaviour of the New 
Zealand Hill Romney as opposed to the Border 
Cheviot. 


119 


In approaching this problem it was obviously 
impossible to check-board most rough hill 
pastures for plotting purposes. It was also 
impractical to arrange for human observation of 
such areas even where the terrain could be 
subdivided. : 

Such devices as pedometers and radio control 
apparatus have not proved very satisfactory 
in practice so it was necessary to develop a new 
technique for measuring grazing distances under 
all conditions of pasturage. 

The resultant of this work is a machine which 
it is proposed to call a Rangemeter. 

This equipment consists of a lightweight 
harness, two metal shafts and a small land wheel 
which motivates an automatic mileage recorder. 

Sheep become used to wearing the Range- 
master in a very few hours and it in no way 
hinders the mobility of the animals which 
“foot it’’ as well as the rest of the flock. Experi- 
mental animals are accepted by the other sheep 
which evince only curiosity about the apparatus. 

A comprehensive programme using a number 
of rangemeters has been undertaken, the results 
of which will be published over the next two 
years. 

However, as an example of what may be 
achieved with the Rangemeter the following 
table shows the average weekly mileage figures 
per sheep derived from five each of mature 
Romney and Cheviot ewes. (See Table.) 

It will be seen that in period A the Cheviot 
ewes consistently covered greater distances on 
the same very rough and steep hill paddock. 
The sheep were then switched to a flat six 
acre field and the figures for period B show a 
clearly defined change in the distances covered 
by the Romneys. This alteration in their be- 
haviour raised their activity almost to the level 
of the Cheviot under the same conditions and to 
more than 100 per cent. of the distances they 
were covering on the hill. 

The animals were then returned to the hill 
and period B yielded figures which reveal a 
marked decrease in the Romney’s grazing 
distance to the level they were working at in 
period A. The Cheviots fell slightly to return 
to approximately their period A level. 

The tentative conclusion drawn from this 
section of work is that the Romneys in the 
experiment have not the same interest in hill 
ranging as the Cheviots under the particular set 
of conditions. Although these animals have 
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Paddock Size | Average weekly distance travelled per animal 
Breed and Location Period 2 Ph groups of five _ 
A 
Cheviot 16 Acre Hill 29/9/56 7:24 8:7 68 63 6:3 5:3 3-8 8-2 
—26/11/56 
Romney 16 Acre Hill om 5-0 50 48 40 40 43 19 43 
B 
Cheviot 6 Acre Flat 26/11/56 49 8-8 96 10:3 70 
—29/12/56 
Romney 6 Acre Flat mm 78 75 9-1 88 71 
Cc 
Cheviot 16 Acre Hill 29/12/56 78 79 79 5-1 
—19/1/57 
Romney 16 Acre Hill 4-1 4-4 52 
spent all of their lives under hill conditions the Acknowledgment. is made of the financial 
Romney would still appear to be better pleased support of the Research Committee of the 
with flat land grazing. University of New Zealand. 
The photographs illustrate typical Cheviot and E. CRESSWELL. 
Romney sheep photographed when gathered Massey Agricultural College, 
for mileage readings to be recorded. New Zealand. 
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CRESSWELL: A NEW TECHNIQUE FOR SHEEP BEHAVIOUR STUDIES 


PLATE I. 


Cheviot and Romney Sheep fitted with Rangemeters. 


Brit. J. anim. Behav., 5, 3 
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BOOK 


The Bird Watcher’s Reference Book. By MICHAEL 
Lister. London: Phoenix House. 1956. Pp. 
256, 35 photographs, 23 text figures. 45s. 


This could have been a useful book if the 
author had stuck to his title, and omitted 
articles. Of four text chapters, two deal 
exhaustively with very general (mainly botanical) 
aspects of bird study—the matter largely re- 
capitulated in an Appendix. Ch. III is devoted 
to the weather, in highly technical detail, pre- 
faced by the remark “‘It is not my object here 
to discuss the relationship between weather and 
the lives or movements of birds’’: the author 
keeps his word. The fourth chapter, on writing 
a paper, could have been retained, but con- 
densed. The ground thus cleared, the author 
could have given all his attention to producing a 
really effective Reference Book—which would 
not have needed 46 pages of General Index 
to 200 pages ! Information is scattered, and then 
repeated (e.g. Periodicals, pp. 92, 101 and 181). 
Cross references are not clear (does a figure 
refer to a page, or a number in a list? The 
answer varies). The Glossary is unbalanced, 
with too much space for some items (e.g. com- 
mon morphological definitions, falconry terms), 
too little for others (““Comparative Ethology” is 
telegraphed as “‘the study of behaviour”). The 
Index and Scientific Names of Birds and Plants 
refers solely to text mentions (only 15 birds 
appear); text chapters omitted, a complete list 
of birds could have been given. Expositions of 
statistical techniques would have been just as 
lucid without the intrusion of Flybynights and 
Rosy-nosed Jokers. The photographs are all of 
habitats, or cloud formations. The text figures 
are mainly botanical. There is one figure (topo- 
graphical) of a bird. 45s. is not a negligible sum. 

E.M.B. 


Research Films in Biology, Anthropology, Psycho- 
logy, and Medicine. By ANTHONY R. 
MICHAELIS. London: Academic Press. 1955. 
Pp. 490 illustrated. 80s. 


This work aims to bring together for the 
scientist a range of cinematographic techniques 
which have been used in the fields of Biology, 
Anthropology, Psychology, and Medicine, and 
to evaluate their usefulness. The author con- 
siders the applications and advantages of the 
film as a research tool, and describes a large 
number of projects in the various fields where 
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cinematographic methods have been used. 
The book starts with a chapter on scientific 
cinematography which includes some very useful 
information on testing cameras, and on the 
storage and handling of films. Then the different 
fields are surveyed, and their is much valuable 
discussion of various topics, such as illuminants, 
time-lapse mechanisms, X ray and: cine-micro- 
graphy. A most useful feature for the research 
worker is a discussion, in a section on Human 
record films, of the preparation and editing of 
film for showing to an audience; included here 
is an account of various pictorial methods which 
can be used to clarify an argument. It is perhaps 
a pity that this topic was not treated in greater 
detail in a separate section. 

On the whole the authors descriptions are 
very clear, cross-references are happily few, 
and the bibliography is excellent. The only 
features which evokes serious criticism is the 
cursory treatment of flash techniques which 
have many advantages, particularly in the 
cinemicrography of living material. 

R.H.J.B. 


Group Processes—Transactions of the First 
Conference. 1954. Edited by B. SCHAFFNER. 
New York: Josiah Macy Jr. Foundation. 
1955. Pp. 334. 40 figs. $5.50. 

This is the report of a conference, organised 
by the Josiah Macy Jr. Foundation, which 
brought together European ethologists and 
Americans working along similar lines. It 
contains six main papers—‘“Ontogeny and 
living systems” (F. A. Beach); “Psychology and 
Ethology as supplementary parts of a science of 
behaviour” (N. Tinbergen); ““Morphology and 
behaviour patterns in closely allied species” 
(L. Lorenz); “Dynamics of the mother-newborn 
relationship in goats” (Helen Blauvelt); “The 
perception of animal behaviour” (D. S. Lehr- 
man); and “Group processes in lower verte- 
brates” (L. Thomas Evans). 

At the conference these papers were delivered 
to a small group in an atmosphere which en- 
couraged interruption and free discussion. As 
the organisers intended, this helped to make 
the conference “‘a forum for searching examin- 
ation of differences of opinion’’—and, since the 
group included representatives of many fields 
of study, the discussions could be broad or 
intense as occasion demanded. These dis- 
cussions are reported in full, and contain 
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references to many topics which are not sug- 
gested by the titles of the papers. For instance, 
among the subjects considered were the inter- 
action between genetic and environmental 
factors in the development of behaviour; the 
study of function and teleology; ambivalent 
motivation in gull courtship; the problem of 
spontaniety in Fixed Action Patterns; the 
possible role of the performance of a consum- 
matory act as a reinforcing agent in learning; 
imprinting; and the concept of “‘centres”’ in the 
C.N.S. There is also an important critique by 
Lehrman and others of the concept of the 
Innate Releasing Mechanism. 

Though it will doubtless provide fascinating 
material for the historian of science in due course 
the publication of verbatim reports of dis- 
cussions is not a convenient method of presenta- 
tion for the reader. It is necessary to search 
through many pages of talk before finding the 
really important interchanges concealed among 
them. These are, however, in this case, sufficient- 
ly numerous to make the search well worth 
while, and this book is certainly an important 
one for all students of behaviour. 

R.A.H. 


The Passenger Pigeon. By A. W. SCHORGER. 
Madison, Wis.: University of Wisconsin Press. 
1955. Pp. 424. 8 plates. $7.50. 


The Passenger Pigeon is a worthy monument 
to the remarkable bird whose flocks used to 
darken the sky for hours on end and which 
became extinct in 1914. The author has done his 
work well. In the course of twenty years re- 
search he has carefully sifted a great mass of 
material, much of it in ephemeral literature, 
such as local newspapers. Ecologist and etholog- 
ist alike will find the book stimulating because 
it provides data for theorising in regard to 
problems yet unsolved. For example, the author 
states that “‘the passenger pigeon became extinct 
through . . . constant persecution” but he 
might have stressed the extreme sociality which 
contributed to its undoing. It is a plausible 
hypothesis that the species might have survived 
in spite of the ruthless assaults made upon it 
had it not been that once numbers were severely 
reduced social disintegration impeded the normal 
reproductvie and migratory activities. The 
bird’s abundance—its summer population has 
been estimated at within less than half a million 
of the total present population of all breeding 
birds in the United States—is more puzzling 


than its extermination. There is no evidence 
that any predator affected numbers appreciably 
until man became numerous in the New World. 
The ecologist who thinks in terms of a nice 
balance between population and food resources 
may well ponder on the ability of passenger 
pigeons to invade and breed successfully in 
an area 100 miles long and several miles wide, 
with one to fifty nests in every tree. The book 
deserves to be widely known, not only for its 
scientific interest, but because the lamentable 
history of the passenger pigeon emphasizes 
the necessity in every part of the world to take 
early and drastic measures against those who 
greedily or carelessly exploit nature. 
E.A.A. 


A Laboratory and Field Manual of Ornithology. 
By OLIN SEWALL PETTINGILL, Jr. Minne- 
apolis: Burgess Publishing Company. 3rd 
edn. 1956. Pp. 379. $5.00. 

In this country of hobbyists, books on bird- 
watching have tended to be chatty rather than 
technical, though when the Ornithologists’ 
Guide of the British Ornithologists’ Union is 
published an up-to-date manual of field orni- 
thology for workers at home and overseas will 
be available. In the United States Pettingill’s 
Manual first appeared in mimeoprint in 1939 
and Joseph Hickey’s more popular and less 
detailed Guide to Bird Watching in 1943. The 
3rd edition of A Laboratory and Field Manual of 
Ornithology is primarily concerned with scien- 
tific techniques. It will be particularly useful 
to those graduating from bird-spotting to a 
serious interest in birds and to biologists wishing 
to learn about work in this group. The sections 
on anatomy and physiology provide inform- 
ation not readily available in other handbooks. 
There are surveys of methods of identification, 
distribution, reproductive activities and migra- 
tion, but modern developments in the analysis 
of behaviour are not discussed. Reference lists 
are appended to each chapter. It is understand- 
able that in these bibliographies American 
research should predominate but there are some 
strange omissions and there is scarcely any 
mention of work in a language other than 


- English. A “Bibliography of Life Studies’’ is 


provided. The reader will be surprised to find 
that many of the monographs listed are un- 
published academic theses—an odd sidelight 
on the American scene. There are pleasant 
line illustrations and useful tables and charts. 
E.A.A, 
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Animal Navigation: How Animals Find Their 
Way About. By J. D. CARTHY. London: Allen 
& Unwin. 1956. Pp. 151 + 19 plates. 18s. 
The study of “how animals find their way 

about” is of considerable interest and im- 

portance to the zoologist and Dr. Carthy has 

provided a concise survey of the investigations 
which have been performed in the field of animal 
navigation, written in terms which are, however, 
understandable to the layman and amateur natur- 
alist. The book is illustrated with admirable 
photographs, figures and maps which add to 
the interest and clarity of the text. It is stressed 
that most of the navigational abilities of animals 
can be explained by their sensitivity to light, 
chemicals touch and sound. Thus, there are 
descriptions of the response to chemical stimu- 
lation in planarians, the scent trails of ants 
and the recognition of landmarks by solitary 
wasps when returning to the nest. A wide 
variety of arthropods are able to perceive 
polarised light and some species are known 
to make use of this to orientate themselves. 

Following a discussion on current theories of 

the mechanism by which birds find their way, 

Dr. Carthy cautiously concludes that the method 

of bi-co-ordinate navigation, using the move- 

ment of the sun through a small arc to “‘extra- 
polate” to the zenith together with some form 
of internal chronometer, is not by any means 
impossible, but points out that the accuracy 
of a pigeon homing is greater than the accuracy 
one might expect from a bird using this method. 

It is interesting to note that Kramer has subse- 

quently discussed the problem of bird orientation 

in a recent number of Jbis and concludes that 
there is insufficient evidence to support the bi- 
co-ordinate hypothesis. 

The field covered is wide and there are 
descriptions of the homing of bats and the 
migration of fish, including Schmidt’s work on 
the eel. One chapter is devoted to the movement 
of locust and butterfly swarms and a discussion 
of their navigational abilities. No references, 
other than general reading, are cited. This seems 
to be a pity, since this enjoyable book will 
stimulate many to pursue further the fascinating 
subject of animal orientation and it can be 
recommended to a wide variety of readers. 

C.J.D. 


The Anatomy of the Rat. By EUNICE CHACE 
GREENE. New York: Hafner Publishing Co. 
1955. $25.00. 


All who study the rat in the laboratory will 
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welcome this most beautiful reprint of the work 
that was first published in 1935 as Volume 27 
of the Transactions of the American Philosophical 
Society. Although based upon studies of albino 
Norway rats from the Wistar Institute colony, 
the book will be of comparative value in the 
studies of the types of Norway rat, in the field 
as well as in the laboratory. It is sometimes 
suggested that behaviourists pay less regard © 
to morphology than is desirable. Whether or 
not this is correct, the possession of Dr. Greene’s 
monograph will be found of great value to them. 
A.N.W. 


BOOKS RECEIVED 


_ The following books have been received, and 
in appropriate cases will be reviewed as space 
permits in early issues. 


A. C. Jude (1955) 
Cat Genetics 


Wisconsin: All-Pets Books Inc. $2.40 
Richard S. Johns (1956) 

Pet German Shorthaired Pointer 

Wisconsin: All-Pets Books Inc. $1.00 


R. H. Smythe (1956) 
Veterinary Ophthalmology 
London: Bailliére, Tindall & Cox 35s. 


Ethel Browne Harvey. (1956) 
The American Arbacia and Other Sea Urchins 
New Jersey: Princeton University Press. 


A. N. Worden (1956) 
Functional Anatomy of Birds 
London: Cage Birds. 9s. 6d. 


Laboratory Animals Bureau 

Collected Papers, Volume 4—1956 

Report of a Symposium on Infections in Laborat- 
ory Animals held at the Royal Veterinary 
College, London, on 13th April, 1956 
London: Laboratory Animals Bureau, M.R.C. 


Laboratories. 10s. 
Burton L. Dahlberg & Ralph C. Guettinger 
(1956) 


The White-Tailed Deer in Wisconsin 
Technical Wildlife Bulletin Number 41 
Wisconsin. Madison 


Vera M. Nelson (1956) 
Siamese Cat Book 


Wisconsin: All Pets Books Inc. $2.50 
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THE BRITISH TRUST FOR 
ORNITHOLOGY. 
is a unique organisation 
devoted to the encouragement 
and promotion of 
RESEARCH 
into the 
LIVES, HABITS AND NUMBERS 
of 
BRITISH BIRDS 


Quarterly Journal, Bird Study (edited by H. N. 
Southern) free to members; organizes Bird Ringing 
Scheme, Nest Record Scheme, Census of Heronries ; 
sponsors investigations organized by members; 
jointly administers Alexander (Reference) Library; 
Lending Library service; Grants to aid research; 
Meetings all over the country; Over 70 Regional 
Representatives in the British Isles. 


Full details of membership from 
THE SECRETARY, B.T.O. 
2, KING EDWARD STREET, OXFORD 


ANIMAL BREEDING 
ABSTRACTS 


The journal of the Commonwealth Bureau 
of Animal Breeding and Genetics 


It covers the world’s published re- 
search on breeds, breeding, productivity, 
growth, genetics and reproduction of 
all farm livestock, poultry, fur bearers 
and other animals of economic import- 
ance, as well as the small laboratory 
animals. 


Each issue contains a review article 
on some aspect of current research. 


Published quarterly in March, June, 
September and December, at 65/- per 
annum. 


Subscriptions and enquiries to 
Commonwealth Agricultural Bureaux 
Central Sales, Farnham Royal 
Bucks., England 
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BEE RESEARCH 
ASSOCIATION 


MEMBERSHIP of the Bee Research 
Association has many advantages to those inter- 
ested in the study of bees, including the use (in 
any country) of the first-class Library and Library 
of Translations. 


The B.R.A. has published a 
number of authoritative books and 
reports, and publishes monthly 


BEE WORLD 


including APICULTURAL ABSTRACTS 


FULL DETAILS from the Director 
BEE RESEARCH ASSOCIATION 
WoopsipE House, CHALFONT HEIGHTS 
GERRARDS CROSS, BUCKS. 


For your books 


and journals 


you cannot do better than to consult our 
Sales Department. We shall be pleased to 
welcome you at our Showrooms, just off 
the Strand, where you may inspect our 
extensive stocks of the scientific books of 
all publishers (including books and periodicals 
mentioned in this Journal). If you are not in 
London, order your books from us by post: 
we can supply promptly by mail either 
individual copies or large institutional orders. 
We can send books and periodicals to any 
address in any part of the world. Address 
all your enquiries to 


THE SALES DEPARTMENT 
BAILLIERE, TINDALL 
AND COX LTD. 

7 &8 Henrietta Street, London WC2 
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DISTURBANCE OF RUMINATION IN THE GOAT AFTER ABLATION 
OF THE ORBITO-FRONTAL LOBES OF THE CEREBRAL CORTEX 


By F. R. BELL ann A. M. LAWN 
Department of Physiology, Royal Veterinary College, London 


The concept of the integration of somatic and 
autonomic function at the cerebral level is now 
well established (Fulton, 1949). One of the 
regions of the cerebral cortex that is most 
directly concerned in influencing the alimentary 
tract, and particularly the stomach, is the orbital 
surface of the frontal pole (Kennard, 1944; 
Babkin & Speakman, 1950). Hesser, Langworthy 
& Kolb, (1941) were able to show a change in 
the duration and strength of stomach con- 
tractions following ablation of the cerebral 
motor cortex in the cat. They suggested that the 
change was due to the removal of a cerebral 
regulating factor which normally acted on the 
stomach. 

In ruminants the reticulo-ruminal sac of the 
stomach shows a profound and regular cyclic 
wave of activity at one minute intervals (Philip- 
son, 1939). This one minute cycle of activity 
continues throughout the whole of life beginning 
after the first few weeks following birth. In the 
process known as rumination a complex series of 
reflexes is built on to the reticulo-ruminal cycle 
so that stomach contents are regurgitated for 
remastication in association with each con- 
traction of the reticulum. If during a bout of 
rumination the animal is disturbed then rumin- 
ation is halted until the animal assesses the 
nature of the change in its environmental con- 
dition, after which rumination recommences. 
This inhibition suggested a cerebral component 
in the neural control of rumination which is 
either facilitated or suppressed through the 
afferent channels of the special senses. It was 
decided, therefore, to remove the orbito- 
frontal pole from the cerebral cortex of goats 
and to compare the pattern of rumination be- 
haviour with that already established for intact 
goats (Bell & Lawn, 1956). 

Removal of the orbito-frontal lobes of goats 
produced certain changes in behaviour, par- 
ticularly in prehension of food and in loco- 
motor activity. This paper reports the effects 
on rumination only, the other defects will be 
reported in detail separately. These several 
defects have been communicated to the Physio- 
logical Society by way of a film (Amoroso, Bell 
& Lawn, 1954). 


Methods 


The three animals used were English castrated 
male goats aged 9, 14 and 16 months at oper- 
ation. 

Rumination was recorded by the registra- 
tion of jaw movements. A rubber cushion held 
under the jaw was connected by flexible tubing 
to a piston actuating a pen writing on a constant 
speed chart (Bell & Lawn, 1957). Usually the 
animals were fed on 4 lb. concentrate mixture 
together with 6 lb. of hay daily, and water 
ad. lib. Because of the loss of the ability to 
prehend food for a few weeks subsequent to the 
operation the animals were fed on meal gruel 
by stomach tube during this short period after 
which they returned to the usual diet. We were 
able during this time to feed the goats to a 
limited extent by placing hay and oats directly 
into the mouth, for although prehension was 
in abeyance, chewing and swallowing could be 
carried out normally. 

A few records were made of variations in 
intra-gastric pressure using a small balloon 
connected to the end of a polythene tube which 
was passed into the reticulum via the nose and 
oesophagus. The balloon was slightly inflated 
and the changes in pressure recorded on a 
kymograph by means of a water manometer. 
Masticatory movements were recorded at the 
same time by means of a writing lever activated 
by a tambour. 

Operation. Following induction of narcosis 
with thiopentone sodium, anaesthesia was con- 
tinued with open circuit nitrous oxide and 
oxygen, supplemented where necessary with 
trilene. The brain was approached through the 
frontal sinuses, the bony tables being trephined 
and the openings enlarged by means of bone 
nibbling forceps. After incising the dura, the 
large blood vessels to the region of ablation 
were coagulated by diathermy. The appropriate 
portion of the brain was removed by suction, 
the resulting cavity packed with Gelfoam and 
the dura replaced. No attempt was made to 
repair the deficiency of bone, only the skin 
being sutured. In all the goats recovery from the 
anaesthetic was rapid, the animals being am- 


. bulatory within an hour. 
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Table I. Comparison of Rumination Activity Before and After Orbito-frontal Lobectomy 


: Before operation After operation 
d days Mean % S.D. Days Mean % S.D. 
: recorded rumination recorded rumination 
G.B.2 13 41:8 6-5 38 38-2 8-1 
G.B.5 34 26:3 67 10 28-5 79 
G.B.7 22 29:8 40 15 29-5 8-2 
Average 326 5:7 32-7 - 8-7 
Results defect of the lips or sensory impairment since 
Lesions. The brains were examined post- at this stage the lips were insensitive. It is 
mortem and in all three animals it was seen that possible that remastication did not occur nor- 


the orbito-frontal pole had been removed bi- mally immediately following the operation 
laterally. The ablations involved that part of because of deficiency of vegetable fibre in the 
the cortex in front of the ansate sulcus ---— preoperative 

including the whole of the superior postoperative 

longitudinal gyrus and most of the 40- . 
middle longitudinal gyrus. In one 
animal, goat 5, the olfactory bulbs had G2 GS G7 
also been removed. In all three animals rt ¥ 
the motor cortex had been extirpated. 
This was checked and confirmed by the 
negative response to stimulation im- 
mediately prior to destruction of the 
animals. The lesions did not extend to 
the thalamus or basal ganglia. 


Proportion of total cycles (%) 


iy 


2 
Motor Defects. This aspect of the H : ee 
experiment will be discussed in detail § Lei 
in another paper, only those points _ 5 
relevant to rumination behaviour will 3 20 a 
be mentioned here. Although all the 
goats were able to stand and were «= x Ful 
attracted by food a few hours after ° — les 
the operation, movement of the head § el mc 
and neck and especially the lips was % te 
seriously impaired so that neither 
food nor water could be taken volun- 
tarily. Within 30 days function of % 
the lips gradually recovered so that 
the animals could feed themselves. : 
‘ Rumination. The animals were able ; ; Fi 
to ruminate within a few hours of the na : fec 
cortical of the re gr 
gurgita ood mass, however, was Fig. 1. Histogram of the distribution of rumination throughout the of 
24-hour period, before and after lobectomy. Each col 
slopped from the mouth. This inability the of dally ter 


to retain the reguritated stomach con- od : , 
beginning at 8 . G.M.T. Dotted lines show preopera 
tents could have been due to a motor postoperative behaviour. len 
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40 


$7 


preoperative behaviour, continuous lines show postoperative behaviour. 


rumen during the time of forced feeding when 
less than 1 Ib. of hay could be fed into the 
mouth as wetted wisps. 

The time spent ruminating before and after 
the operation is shown in Table I. There is very 
little difference between the values except that 


the post-operative figures show a slightly in- | 


creased scatter. The distribution of rumination 
throughout the twenty-four hours before and 
after operation is presented as histograms in 
Fig. 1. The results of analysis of 3 to 9 days of 
recording have been averaged for each histo- 
gram. The removal of the orbito-frontal region 
of the cerebral cortex has no major effect on the 
distribution of rumination time. 

In Fig. 2 the distribution of rumination cycle 
lengths, that is the periods elapsing between one 
regurgitation and the next, before and after 


operation, is plotted as a histogram. Each histo- 
gram is the result of analysis of 300 cycles— 
the first 100 cycles after midnight on three 
separate days—since the night cycles are usually 
the most constant. In the post-operative period 
a decreased duration and greater variability of 
the cycles can be seen. This change was still 
apparent in one goat studied a year after oper- 
ation. 

Variations in the height of the chewing move- 
ments were also seen but since the relationship 
between the amplitude of the jaw movements 
and the excursion of the pen are not necessarily 
constant, these heights cannot be analysed 
quantitatively. The frequent occurrence of two 
types of atypical records from operated goats 
and their absence from the records of normal 
goats suggests that the former are the direct 
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Each column is proportional to the percentage of cycles measured falling within the indicated 
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result of the removal of the cerebral cortex. 
In the first type of atypical record the first jaw 
“movement at the beginning of each cycle, which 
is associated with the arrival of the regurgitated 
material in the mouth, is of normal amplitude 
but the subsequent chewing movements are very 
small or not apparent at all. Observation showed 
. that this type of record is associated with the 
regurgitation of very fluid material containing 
only a minimal quantity of solid vegetable 
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material suitable for remastication. The other 
atypical record shows changes in the amplitude 
of excursions in alternate rumination cycles, 
whereas the amplitude throughout each cycle, 
is as in normal animals, relatively constant. 
These two abnormal patterns described above 
(Fig. 3) occur most frequently during the earlier 
stages after lobectomy. 

The recordings of intragastric pressure changes 
were not sufficiently numerous for detailed an- 


Almost without ex- 
A ception rumination cycles 


Time 
1 MIN 
Fig. 3. Records of jaw movements of goat G.2 before (A) and after (B-E) 

operation. 


lobectomy. B. 9 days, C. 65 days, D. 75 days, E. 365 days 
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were synchronised with 
reticulo - ruminal cycles. 
Variations in the duration 
of successive rumination 
cycles following lobectomy 
were associated with iden- 
tical changes in the con- 
traction cycles (Fig. 4). 


Discussion 


The ablation of the 
orbito-frontal pole has not 
resulted in any very signifi- 
can interference with the 
ability of the three goats 
to ruminate. The actual 
time spent in ruminating 
is similar before and after 


Fig. 4. Intragastric pressure and jaw movements recorded in a goat before and after lobectomy. 


A.—before operation; B.—after operation. 
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operation and shows no marked deviation from 
that of normal goats (Bell & Lawn, 1957). 
This is in marked contrast to the findings of 
Clark (1953) who reported that two sheep 
after lobectomy showed a great increase in the 
time spent ruminating, one doubling the 
normal period and the other showing an increase 
of some two hours twenty minutes. 

The deviation from the normal rumination 
pattern affecting the amplitude of jaw move- 
ment, which is most apparent soon after the 
ablations, may be due to the restricted diet. 
During this period when the animal was unable 
to feed itself it was impossible to introduce by 
hand a quantity of hay equivalent to the amount 
normally ingested. The physical state of the 
ruminal contents at this time would be ab- 
normally liquid. 

The changes in the distribution of rumination 
cycle duration was a permanent defect following 
the experimental lesions and persisted until the 
termination of the experiment, which was in the 
three goats 24, 34 and 14 months respectively 
after the operation. During this time the be- 
haviour of all the animals was normal except 
that goat 2 had not recovered the ability to suck 
water even after 14 months. 

In normal goats the rumination pattern may 
show periods of rumination cycles of shorter 
or irregular length interspersed among periods 
of rumination with a constant cycle length 
(Bell & Lawn, 1957). The change in operated 
goats is more extreme and occurs also at night 
when, in normal goats, rumination cycles show 
greatest regularity of cycle length. This variation 
in cycle length is indicative of irregularity of 
contraction of the rhythmic movements of the 
reticulo-rumen. Recordings of intragastric 
pressure during periods of eating or rest show a 
regularity of reticulo-ruminal contractions in 
both operated and intact goats. During rumin- 
ation however, the reticulo-ruminal contractions 
of the lobectomised goats become irregular in 
contrast to normal animals which usually show 
an increase in frequency only. 

The deviation from normal with regard to 
rumination and reticulo-ruminal activity appears 
to be due to the removal of the orbito-frontal 
pole from the cortex. The lesions embrace those 
parts of the motor area of the cortex (Bell & 
Lawn, 1956) which have been shown in other 
species to be associated with influences on 
gastro-intestinal activity (Kennard, 1944). It 
has also been shown in other species that removal 
of the orbital pole affects gastric motility and 


it has been postulated that this area has a vagal 
motor “centre” (Babkin & Speakman, 1950). 
It has been suggested that the cortical influence 
represents an “inhibitory” influence on some 
autonomic function so that on removal of the 
cortex a state of over-reaction develops (Hesser 
et al, 1941). This does not appear to be the case 
in the goat where the main defect appears to be 
one of variation in the regularity of the reticulo- 
ruminal cycle. It is possible that the cortex 
influences the region of the medulla oblongata in 
the goat which is concerned in regulating the 
reflexes associated with activity of the reticulo- 
rumen and possibly, even of rumination (Bell & 
Lawn, 1955). On the other hand, the deviation 
from normal rumination behaviour may be due 
to a deficiency in motor power or in sensation 
in the lips and jaw muscles. This is not im- 
probable since the region of the cortex which 
has been shown to be associated with lip 
een has been extirpated (Bell & Lawn, 
1956). 


Summary 

1. The rumination pattern has been studied 
in three goats before and after ablation of the 
orbito-frontal lobes of the cerebral cortex. 

2. The animals were able to ruminate within 
a few hours of the cortical ablation and de- 
voted about the same amount of time in rumin- 
ating in a day as normal animals. 

3. The rumination cycle length shows an 
obvious irregularity following lobectomy. This 
irregularity of rumination cycle length is syn- 
chronised with an irregularity of reticulo- 
ruminal contractions. 

4. Following lobectomy a variation in jaw 
movements was apparent during remastication; 
this disfunction may have been due to the very 
fluid nature of the regurgitatied food mass 
which was noticeable at this time. 

5. The part played by the cerebrum in con- 
trolling the many and varied reflexes associated 
with rumination is discussed. 
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FUNCTION OF ASSOCIATION CORTEX IN MONKEYS* 


By J. M. WARREN, } R. W. LEARY,t{ H. F. HARLOW anp G. M. FRENCH§ 
Department of Psychology, University of Wisconsin, Madison, Wisconsin 


The experiments reported here were designed 
to determine the effects of bilateral ablation 
of both frontal and posterior association cortex 
upon the performance of learned tasks by 
highly trained monkeys. 

Previous to this study, the experimental 
animals had undergone two operations, the 
first being a unilateral cortical extirpation which 
spared only the motor and somatic sensory 
areas. The performance of these partially 
hemide-corticated monkeys has been described 
by Harlow (1949), Davis, Settlage & Harlow 
(1950), Harlow, Meyer & Settlage (1951), and 
Meyer, Harlow & Settlage (1951). Only with 
oddity problems was the experimental group 
markedly inferior to a normal control group. 

For the second operation, each experimental 
subject was assigned to one of two subgroups. 
The Frontal Group suffered ablation of the pre- 
frontal region contralateral to the previously 
damaged hemisphere. The Posterior Group were 
subjected to destruction of the contralateral 
posterior association area. Both groups were 
inferior to normal monkeys on oddity problems 
(Harlow, 1952) and on double alternation 
problems (Leary, Harlow, Settlage & Green- 
wood, 1952). The members of the Posterior 
Group showed a transient deficit in the visual 
discrimination of tridimensional objects (Warren 
& Harlow, 1952a, 1952b) and a permanent 
retardation in the more difficult visual dis- 
crimination of bidimensional patterns (Riopelle, 
Harlow & Settlage, 1951; Warren & Harlow, 
1952b). Although the Frontal Group per- 
formed as well as the normal control animals 
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on both object and pattern discriminations, 
it was inferior to the Normal and Posterior 
Groups on many variations of the delayed 
problem (Meyer, Harlow & Settlage, 

Upon completion of the researches just 
summarized, the monkeys of both the Frontal 
and the Posterior Groups were operated upon 
to remove the remaining association area. 
After this operation, the experimental subjects 
all had similar areas of brain-damage—unilateral 
partial hemidecortication combined with de- 
struction of the contralateral frontal and 
posterior association cortex. 


Method 


Ten Macaca mulatta with extensive and 
nearly identical testing experience were studied. 
There were four normal control monkeys 
(N127, N128, N129, and N130) and six animals 
with extensive unilateral decortication and 
damage to the frontal and posterior association 
areas of the opposite side. The operated monkeys 
were divided into two groups on the basis of the 
sequence of the contralateral frontal and 
posterior operations as well as the extent of 
damage to the contralateral posterior association 
area. The FP Group (FP114, FP120 and FP126) 
consisted of those animals in which there was 
destruction of the frontal and the posterior 
areas in the second and third operations re- 
spectively. The PF Group (PF117, PF122 and 
PF123) were subjected to removal of the 
posterior area in the second operation and the 
frontal area in the third operation. 

Fig. 1 depicts the extent of cortical lesions in 
the two operated groups.! The diagrams were 
constructed from post-mortem photographs 
supplemented by serial sections of the brains 
of four of the monkeys (FP120, FP126, PF122 
and PF123).2 The most conspicuous difference 
between the two groups is in the amount of 
posterior association cortex ablated. In none of 
the animals of the FP Group did the posterior 
lesion extend below the posterior inferior 
temporal sulcus. The lesion common to all 
members of the PF Group was much larger, 
reaching anteroventrally to the anterior inferior 
temporal sulcus. 
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Table I. Postoperative Time of the Experiments 


Experiment Weeks 
1. Visual Tests 5-6 
2. Object Discrimination 7-8 
3. 5-second Delayed Response 9-10 
4. Oddity 11-14 
4a. Three-choice Oddity (11-12) 
4b. Two-choice Oddity (13-14) 
5. Object Discrimination and Reversal 15-16 
6. Pattern Discrimination 17-19 
7. Object Discrimination 26-27 
8. 5-second Delayed Response 28 
9. Visual Tests 30 
10. Three-choice Oddity 31-32 
11. Complex Delayed Response 33-35 
12. Double Alternation 36-39 
12a. Varied Stimuli (36-37) 
12b. Like Stimuli (38-39) 


BES Moximum extent of tesions of either hemisphere within group objects. Performance is scored in terms of (a) the 
HB Moximum extent of lesions of both hemispheres within group time required to secure each of the three bits 


ee Bilateral lesions common to all monkeys of group 


Fig. 1. Diagrams of the cortical lesions in the PF Group 
(left) and in the FP Group (right). Those regions in which 
maximum extent of lesions within groups are shown in- 
dicate the areas in which at least one monkey of the group 
had ablation of cortex. All invasions of the cortical surface, 
however slight, are illustrated. 


For the brain-injured subjects, testing began 
one month after the third operation. Two of 
these monkeys did not survive long enough to 
be given the complete series of tests. FP126 
and PF117 died after the third and fifth ex- 
periments respectively. All other animals were 
in good health throughout the study. 

The testing was carried out with the Wisconsin 
General Test Apparatus (Harlow, 1949, Fig. 1), 
and the general technique employed in testing 
have been standardized at the Wisconsin 
Primate Laboratory and described in previous 
publications. In the appropriate sections of the 
Results, references are made to these papers, 
and the specific procedural details of this study 
are outlined. Since the results are presented 
without regard to the chronological order of 
the tests, this order has been reconstructed in 
Table I. 


Results 
A. Visual Tests (Experiments 1 and 9) 


1. Searching the Visual Field. A description 
of the test has been given by Lashley (1948). 
Three pieces of food (peanuts or raisins) are 
scattered among a large number of inedible 


of food and (6) the number of errors, i.e. 
occasions on which inedible objects are picked 
up before all pieces of food have been taken. 

On the first postoperative series, the brain- 
damaged animals required significantly longer 
times than the controls to find the second and 
third pieces of food. They also made a signifi- 
cantly greater mean number of errors than the 
control monkeys (23 vs. 2.3) on the ten repetit- 
ions of this test during Experiment 1. 

Six months later, the surviving operated 
animals were inferior only in time scores for 
finding the last piece of food. On the ten repetit- 
ions, they averaged 3.7 errors, whereas the mean 
for the controls was 3.0 errors. This difference 
was not statistically significant. 


2. Patterned Strings. Harlow & Settlage (1934) 
have described these tests in detail. Briefly, 
two strings are laid on a board which is placed 
horizontally in front of the subject, and a food 
reward is impaled on a point at the far end of one 
of the strings. From trial to trial, the particular 
string that is baited is varied at random. In 
each of the two series of experiments carried out 
in this study, subjects were tested for 25 con- 
secutive trials on each of the six configurations 
shown at the top of Table II. The order of 
presentation of the patterns was the same for all 
subjects in both series of tests and may be 
=— by reading from left to right in the 
table. 

During the first postoperative series, the PF 
Group was very seriously impaired relative to 
both the FP and N Groups on the first four 
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Table II. Percentage of Errors Made on Each Patterned String Test by the Normal and Brain-Damaged Monkeys. 
(The symbol * indicates that the percentage is based on 14 responses; W, that the monkey refused to be tested). 


Pattern 
| ; | | A. ‘ 
N127 0 12 4 4 32 36 
N128 0 0 4 0 76 64 
N129 0 20 12 0 60 52 
N130 0 0 0 0 36 32 
Mean 0-0 8-0 50 1-0 51-0 46-0 
FP114 28 4 12 44 52 52 
FP120 0 0 0 36 68 32 
FP126 | 0 20 20 0 56 68 
FP Mean 9-3 8-0 10-7 26-7 58-7 50-7 
PF117 44 20 40 56 36 32 
PF122 28 40 48 48 52 48 
PF123 44 52 48 52 68 60 
PF Mean 38-7 37:3 45:3 52-0 52-0 46-7 
Experiment 9 
N127 8 16 0 36 56 
N128 0 8 4 24 44 48 
N129 | 0 0 0 4 56 48 
N130 | 0 0 0 0 36 
N Mean | 2-0 6-0 1-0 16-0 47-0 47-0 
FP114 4 12 0 0 80 68 
FP120 | 12 48 64* Ww Ww Ww 
FP Mean | 8-0 30-0 32-0 
PF122 4 4 0 4 2 16 
PF123 12 25 20 8 56 68 
PF Mean 8-0 14-0 10-0 6-0 64-0 720 
Operate Mean | 8-0 11-0 10-5 20 69:3 70:7 


configurations of the test. The FP animals 
were much worse than the normals in their 
performance on the fourth (cross) problem. 
The fifth and sixth problems were so difficult 
that they failed to differentiate between the 
groups. 

On retest, the surviving animals performed 
much better than they had on the first series. 
(The failure of FP120 was possibly due to severe 
emotional and motivational difficulties.) In 
this series, the sixth (pseudo-cross) problem 
was the only one which unequivocally differ- 
entiated the normal and operated monkeys. 
The normals made scores not significantly 


different from chance expectancy, if this is taken 
as 50 per cent. errors. But all experimental 
monkeys made significantly worse than chance 
scores on this test! This result suggests that 
the operated monkeys were still reacting on the 
same basis that had been quite appropriate 
for the cross problem, even though such re- 
sponses were no longer rewarded. 

Casual observations over many months 
confirmed the experimental findings. All brain- 
operated monkeys, in test room and living cage, 
seem to have compensated very adequately 
for the hemianopsia and hyperactivity resulting 
from the surgical insults, 
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After their third operation, subjects were 
tested on three series of visual object discrimin- 
ations. The standard procedures have been 
described by Harlow (1949), and the important 
variations between sets of problems may be 
outlined as follows: 


1. Object Discrimination (Experiment 2). The 
subjects were tested on 14 six-trial discrimin- 
ation problems per day for 10 days. 


2. Object Discrimination and Discrimination 
Reversal (Experiment 5). Six discrimination 
reversal problems were given each day for 10 
days. One arbitrarily designated object was 
correct for 5, 6, or 7 prereversal trials and then 
the previously nonrewarded object was re- 
warded for 6 postreversal trials. 


3. Object Discrimination (Experiment 7). The 
problems of this set consisted of 10 six-trial 
discrimination problems each day for 5 days. 

Since there was little or no consistent inter- 
problem learning on these series of problems, 
and since the intraproblem learning curves were 
essentially the same in form for the normal 
and the operated monkeys, we may conveniently 
compare the performance of the various groups 
in terms of the percentage of errors on all trials 
except the first of each set of problems. These 
data are presented in Table III. 


Table III. Percentage of Errors made by the Normal and 
Brain-Damaged Monkeys on All Trials but the First of 
Discrimination and Discrimination-Reversal Problems. 


(The symbol * indicates prereversal score; ¢ postreversal 


Experiment 
2 5* 5t 
N127 37 8-7 3-2 
N128 31 3-3 60 4-4 
N129 41 40 113 40 
N130 34 103 57 08 
N Mean 36 7:2 79 
FP114 106 5:7 150 5:2 
FP120 47 120 3-2 
FP126 1:8 
FP Mean 5:7 67 13-5 4-1 
FP117 113 10-0 18-7 
PF122 11-1 6-0 90 40 
PF123 9-1 6:7 13:7 8-4 
PF Mean 10:5 76 13-8 6:2 
Operate Mean 8-2 72 13-7 5-2 
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Mann-Whitley U-tests were used in making 
comparisons between normal and operated 
groups. The PF Group made significantly more 
errors than the Normal Group on the first 
postoperative series (U=O, P=*028), and the 
combined operated group (FP and PF) was 
significantly inferior to the control group on 
the postreversal trials in Experiment 5 (U=O, 
P=-016). None of the other differences between 
groups is statistically significant. Even though 
on discrimination reversal the scores of the 
operated animals were worse than those of the 
controls, they were clearly better than chance, 
50 per cent. errors. 

C. Pattern Discrimination (Experiment 6) 

This experiment was a repetition of the study 
of pattern discrimination reported by Warren 
(1953). The stimuli were identical with those 
described in the previous paper and were varied 
in colour (C), form (F), size (S), colour and 
form (CF), colour and size (CS), form and 
size (FS), or colour, form, and size (CFS). 

Seven 10-trial discrimination problems, one 
from each of the stimulus categories, were 
tested each day for 15 days. The mean per cent. 
of errors made by individual subjects on trials 
2 to 10 on each stimulus category is given in 
Table IV. This table indicates that the experi- 
mental animals were significantly inferior to the 
control monkeys on five of the seven categories 
and that the performance of the operated 
subjects was not significantly better than chance 
on most of achromatic categories. Further, it is 
clear that the monkeys having more extensive 
destruction of the posterior association cortex 
(PF122 and PF123) are, with one exception, 
more seriously retarded on the colour categories 
than the FP monkeys with less extensive 
posterior damage. The PF animals failed to 
achieve better than chance scores on any of the 
non-colour categories, but FP120 made signifi- 
cantly better than chance scores on the FS 
category. 


D. Delayed Response 


The performance of the normal and the 
brain damaged monkeys was compared on 
three sets of delayed response tests, under 
conditions which have been described by 
Meyer, Harlow & Settlage (1951). 


1. Five-Second Delayed Response (Experiment 
3). Each subject was tested on 20 delayed 
response presentations per day for 10 days. 
The delay interval was five seconds, a single 
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Table IV. Percentage of Errors Made by the Normal and Brain-Damaged Monkeys on Pattern Discrimination Problems 
(Underlined scores are not significantly better than chance at the 1 per cent. level of confidence). 


Category 
Chromatic Achromatic 

CFS cs CF Se Mean Mean 
N127 126 170 14-1 67 126 19-3 274 370 279 
N128 6-7 89 126 106 260 39:3 348 33-4 
N129 126 27-4 89 341 20:8 21:5 333 400 31-6 
N130 5-9 5-9 8-1 11-1 78 260 281 356 29-9 
N Mean 95 148 11:3 161 12-9 23-2 320 369 307 
FP114 26-7 163 178 23-7 21-4 444 41:55 45:9 43-9 
FP120 23-7 178 170 20-7 198 36 333 393 407 
FP Mean 25-2 170 174 22:2 20-4 370 4474 426 423 
PF122 170 26:7 20:7 274 22:9 415 51-1 46:7 46-4 
PF123 430 444 440 45:2 43-9 
PF Mean 300 354 31:9 363 33-4 441 482 441 45:5 
Operate Mean 276 26:2 24-7 293 26-9 40-6 478 43:4 43-9 
U (Normal vs. operate) 0 4 0 3 0 0 0 1 0 
P 014-171 014 +100 014 014 029 014 


Table V. Percentage of Errors Made by the Normal and Brain-Damaged Monkeys on Three Series of Delayed Response Tests 
(Conditions: NS, no screen; S, screen; numeral gives length of delay in seconds) 


Experiment 
3 8 11 
NSS NSS5 NS5 NS10 NS20 NS40 $5 $10 $20 S40 
N127 1-0 6-0 0-0 6-7 3-3 13-3 10-0 0-0 16-7 30-0 
N128 0:5 2-0 0-0 0-0 0-0 0-0 23-3 33-3 43-3 33-3 
N129 20 1-0 0-0 0-0 0-0 6:7 13-3 16-7 23-3 43-3 
N130 60 1-0 0-0 3-3 0-0 10-0 6:7 10-0 10-0 16-7 
N Mean 2-4 3-3 0-0 3-5 0:8 75 13-3 15-0 23-3 30-8 
FP114 13-5 20 13-3 20-0 20-0 33-3 63-3 43-3 56-7 50-0 
FP120 13-0 39-0 30-0 33-3 53-3 40-0 40-0 50-0 30-0 46-7 
FP Mean 23-2 21-7 36-7 36-7 51-7 46:7 43-4 48-4 
PF117 38-5 
PF122 55-0 43-3 50:0 50-0 53-3 43-3 50-0 46-7 60-0 
PF123 5-0 1-0 6-7 10-0 0-0 33-3 6:7 13-3 46:7 50-0 
PF Mean 30-6 28-0 25-0 30-0 25-0 43-3 25-0 31-7 46:7 55-0 
Operate Mean 27-0 24:2 23-3 28-3 30-8 40-0 38-3 39-2 45:0 51-7 
U (Normal vs. 
operate) 2 4/5 0 0 2°5 0 3-5 y 1 0 
P 057 ~>-314 014 014 ~>-057 014 057 029 014 
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pair of identical objects was used or all trials, 
and the opaque screen was not interposed 
between the subject and the stimuli during the 
delay interval. 


2. Five-Second Delayed Response (Experiment 
8). The experimental conditions were in every 
respect identical with those of Experiment 3. 
i trials were presented on each of five 

ys. 

3. Complex Delayed Response (Experiment 
11). On half the trials the forward screen was 
lowered during the delay, blocking the subject’s 
view of the stimuli, and on half the trials no 
screen was used. The length of the delay was 
varied independently. On one-fourth of the 
trials the delay was 5, 10, 20, or 40 seconds. 
Three successive trials under each of the screen- 
delay conditions were given in the daily sessions 
of 24 trials. Testing was continued for 10 days, 
so that every animal made 30 responses under 
each of the eight conditions. — 


The results of these experiments, in terms 
of per cent. incorrect responses by individuals 
and by groups, are presented in Table V. The 
last line of the table, which gives the level of 
confidence at which the hypothesis of no 
difference between the performances of the 
experimental and the control groups may be 
rejected, indicates that the operated animals 
were reliably inferior to the normals in two of 
the three experiments. The scores of PF123 
show, however, that massive destruction of 
association cortex does not necessarily abolish 
efficient performance for even quite complex 
delayed response, since this monkey was 
seriously retarded only when long delay was 
combined with interposition of the screen. 


E. Oddity 

The procedure for testing monkeys on 
problems embodying the oddity principle has 
been described by Harlow, Meyer & Settlage 
(1951). The essential experimental methods of 
this study may be summarized briefly: 

1. Three-Choice Oddity (Experiments 4a and 
10). Five different 12-trial oddity problems 
were presented daily for 10 days. The odd 
(rewarded) stimulus appeared in the left, centre, 
and right positions equally often, making the 
chance expectancy on these problems 66.7 
per cent. errors. 


2. Two-choice Oddity (Experiment 4b). Five 
10-trial problems were presented daily for 10 
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days. In these simply constructed problems, the 
rewarded stimulus was always in the right or 
left but never in the centre position. Thus, the 
chance expectancy was 50 per cent. errors. 


Results are given in Table VI. On all oddity 


tests, the operated subjects were markedly 
inferior to the controls, and there was no 


Table VI. Percentage of Errors Made by the Normal and 
Brain-Damaged Monkeys on Three Series of Oddity 


(The symbol * indicates that due to a mistake the monkey 
was tested on three-choice rather than two-choice oddity.) 


Experiment 

4a 4b 10 
N127 29-2 (24-0*) 19-0 
N128 28-3 20-0 
N129 31-8 19-2 22:0 
N130 32:7 22:0 19-0 
N Mean 30-5 19-4 20-0 
FP114 61-2 37-4 58-4 
FP120 44:3 27-6 41-7 
FP Mean 52°8 32:5 50-1 
PF117 67°5 
PF122 60:7 39-8 
PF123 40:3 37-6 47°8 
PF Mean 56:2 39-7 51-7 
Operate Mean 54°5 36:1 50-9 


evidence of postoperative recovery. Indeed, 
the best of the brain-injured monkeys made 
almost twice as many errors as the normals, 
with the largest error scores on the retest, more 
than six months after surgery. 


F. Double Alternation 


Leary, Harlow, Settlage & Greenwood (1952) 
have described the procedures employed in 
testing the double alternation problem at the 
Wisconsin Primate Laboratory. The tests re- 
ported here involved two conditions with 
respect to the stimuli used. 


1. Varied Stimuli (Experiment 12a). Fifteen 
4-trial sequences, each tested with a different 
pair of identical objects, were presented each 
day for 10 days. 

2. Like Stimuli (Experiment 12b). The subjects 
were tested on fifteen four-trial double alter- 
nation problems each day for 5 days. The same 
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pair of identical objects was used throughout 
this series of tests. 

The double alternation data are summarized 
in Table VII. Neither the operated nor the 
normal monkeys performed very well on this 
task. In Experiment 12a, two control and two 


Table VII. Percentage of Errors Made by Normal and 
Brain-Damaged Monkeys on Double Alternation Tests 


(Underlined scores are not significantly better than 
chance at the 1 per cent. level of confidence) 


| Experiment 
12a 12b 
N127 21:5 35:3 
N128 48-8 35-7 
N129 308 35:7 
N130 45:5 42:0 
N Mean 36:9 37:3 
FP114 53:3 50:7 
FP120 300 
FP Mean 40-8 40-4 
PF122 | 42:7 
PF123 0 
PF Mean 49-1 42-4 
Operate Mean 41-3 


experimental subjects failed to make scores 
significantly better than chance. All normals 
succeeded in making better than chance scores in 
Experiment 12b, while the two operated monkeys 
which had performed most poorly in the 
previous series continued to make chance scores. 
However, since FP120 made lower error scores 
than three of the four normal control animals 
in Experiment 12a and four of the four in 
Experiment 12b, one may conclude that the 
groups did not differ significantly in their 
performance on double alternation. 
Discussion 

In the capacities measured by the visual tests, 
there was no evidence of serious permanent 
loss. But it is noteworthy that during the retest, 
at a time when the experimental monkeys had 
mastered the cross-string problem, they per- 
formed at a level significantly worse than 
chance on the subsequent pseudo-cross problem. 
We interpret this result as indicative of a lowered 
ability among the brain-damaged animals to 


reverse a response tendency which had been 
acquired successfully. 

If our interpretation is correct, analogous 
results should be expected on the discrimination- 
reversal and oddity problems. In discrimination- 
reversal, the animal must learn not to respond 
to a previously rewarded object. The operated 
animals averaged almost twice as many errors 
on the postreversal trials in Experiment 5 as 
did the normal control monkeys. Even though 
the scores of the operated monkeys were clearly 
better than chance, they were significantly 
inferior to those of the controls. Oddity prin- 
ciple problems require that animals inhibit 
responses to both stimuli and positions which 
have been rewarded in the recent past. Among 
the brain-damaged monkeys, a serious, lasting 
deficit on this type of problem was found. 

The relative inability of brain-injured monkeys 
to respond successfully to reversals of stimulus 
reward relationships has been shown by 
Settlage, Zable & Harlow (1948) for prefrontal 
injury and by Harlow, Meyer & Settlage (1951) 
for damage to either the frontal or the posterior 
association cortex. A similar loss in human 
patients with various loci of brain-damage has 
been emphasised recently by Guthrie, Berlin, 
Wider, Goodell & Wolff (1955). It may well be 
that a general function of cortex association 
cortex in particular, is inhibition of responses 
which, although once appropriate, are no 
longer rewarding. 

Other data obtained in this and previous 
studies are incompatible with any theory of strict _ 
localization of function. It appears that even 
unilateral lesions may impair performance on 
oddity problems. Sufficiently large lesions 
anywhere in the posterior association cortex 
may result in deficits on pattern discrimination. 
The FP Group is particularly significant in this 
regard. None of these animals suffered bilateral 
damage to the inferotemporal area, which 
according to Chow (1954) and Mishkin & Hall 
(1955) must be destroyed to impair performance 
on difficult visual discriminations. Moreover, 
in some preparations at least, a significant 
capacity for solving delayed response and double 
alternation problems remains after extensive 
destruction of the frontal association areas. 

The foregoing observations do not imply that 
the concepts of mass action and equipotentiality 
are universally acceptable as descriptive of the 
function of cerebral cortex in learning and 
retention. The removal of additional cortex 
in this study did not produce further impair- 
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ment on object discrimination of double 
alternation. Removal of the frontal areas 
resulted in a delayed response deficit in the PF 
Group, but destruction of the posterior area 
did not aggravate the loss shown on this prob- 
lem after the second operation by the FP 
monkeys. Conversely, damage to the posterior 
region in the FP monkeys caused impairment 
on pattern discrimination, but frontal lesions 
did not appreciably increase the deficit shown 
by the PF monkeys before final surgery. 

Although some functions may well be local- 
ized, others may be dispersed throughout the 
cortex. It seems likely that the future use of the 
concepts of localization, of mass action, and of 
equipotentiality shall have to be only with 
regard to specific functions. As an over-all 
description of cortical or brain functioning, 
none of these notions is acceptable. 


Summary 

Four normal monkeys and six with extensive 
unilateral decortication plus destruction of the 
contralateral frontal and posterior association 
areas were studied in a series of twelve experi- 
ments. As compared with the normal controls, 
the operated animals were (a) neither seriously 
nor permanently impaired in their performance 
on visual search or patterned string problems, 
(b) slightly, but to a significant degree, retarded 
on discrimination reversal, (c) not permanently 
deficient in the discrimination of tridimensional 
objects, (d) significantly inferior in discriminat- 
ing bidimensional patterns, particularly those 
which did not differ in colour, (e) impaired on 
delayed response tests in which the delay 
intervals were varied randomly, and (/) 
markedly and consistently inferior on two- and 
three-choice oddity problems. Performance on 
the double alternation problem did not differ- 
entiate the normal and operate groups. 

It was pointed out that all the operated 
monkeys were deficient in their ability to reverse 
response tendencies to previously rewarded 
stimuli. The restricted applicability of the 
concepts of localization, mass action, and 
equipotentiality is discussed in terms of the 
results of this study. 
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STRIDULATION AND ASSOCIATED BEHAVIOUR IN CERTAIN 


ORTHOPTERA. 


1. ANALYSIS OF THE STRIDULATION OF, 


AND BEHAVIOUR BETWEEN, MALES. 


By P. T. HASKELL 
Department of Zoology and Applied Entomology, Imperial College of Science and Technology, London* 


Introduction 

Previous research on stridulation and the 
behaviour associated with it in Orthoptera 
has been handicapped by lack of knowledge of 
the physiology of emission and reception of 
sounds by the insects concerned. Accordingly, 
in the present investigation both these subjects 
were studied as a preliminary to the behaviour 
work; data on hearing in the experimental 
insects has been published elsewhere (Haskell, 
1956 a & b) and the purpose of the present series 
of related papers is to present the data on sound 
emission and the behaviour related to it. Paper 1 
(this paper) deals with the stridulation of males 
and their behaviour towards each other. Paper 2 
will deal with the stridulation of females and 
their behaviour with males and Paper 3 will 
deal with the influence of reproductive activity 
and the gonads on stridulation behaviour in 
both sexes. 

Materials and Methods 

In order that a comparative study of stridu- 
lation could be made, sound emission was 
studied in a group of four closely related grass- 
hoppers of the sub-family Truxalinae (Dirsh, 
1956) namely Stenobothrus lineatus (Panz.), 
Omocestus viridulus (Linn.), Chorthippus par- 
allelus (Zett) and Chorthippus brunneus (Thunb.) 
(=C. bicolor. Charp). These insects are 
abundant at Imperial College Field Station, 
and their general biology and population 
dynamics has been worked out by Richards & 
Waloff (1954). The grasshoppers were collected 
in the field at the 3rd and 4th nymphal instar 
and kept in cages in the laboratory, fresh grass 
being provided daily. Special treatment of 
groups or individuals, such as isolation, was 
carried out in Watkins & Doncaster celluloid 
cages. 

For recording stridulation, single adult males 
were placed in a small glass cabinet inside a 
brick enclosure, internally lagged with felt to 
reduce echo; an S.T.C. moving coil microphone 


*Now at the Anti-Locust Research Centre, London. 


type 4021 was let into one wall of the glass 
cabinet and recording was done on a Vortexion 
Tape Recorder, type W.V.A. The frequency 
response of this apparatus was from 50 c/s— 
13 kc/s, which was adequate for the present 
work. Stridulation waveform was studied by 
oscillographic analysis of the recorded material, 
or by direct coupling of the microphone to the 
oscilloscope amplifier and photography of the 
trace. Frequency analysis of the sounds was 
carried out from recorded material with a G.E.C. 
1/3 Octave Band Audio-spectrometer. During 
recordings the input to the tape apparatus was 
monitored by the observer who watched the 
insect at the same time, so that the conditions 
— which the sound was produced could be 
noted. 


Behaviour experiments were carried out in a 
large glass-sided cage 4 feet long and 2 feet wide 
and high, in which the temperature was thermo- 
statically controlled. Lighting was by electric 
bulbs in the roof and the floor was covered with 
fresh grass for each experiment, which assisted 
in maintaining a reasonably constant humidity 
over the range 40-70 per cent. R.H. For play- 
back of recorded material to experimental 
insects, or the presentation of other acoustic 
stimuli, a number of emitters were used, and 
details will be given in the text. Monitoring of 
the acoustic stimuli and responses was carried 
out with a crystal microphone let into the roof 
of the cage, and an audio-amplifier, the output 
of which was recorded or displayed on an 
oscilloscope. The intensity of stimulus was 
adjusted with reference to and monitored by a 
Dawe Sound Level meter, type 1400C. 


Special conditions relevant to the insect or 
experiment will be described for each observa- 
tion where necessary. The term “‘isolated’”” when 
applied to description of how insects were kept 
during the behaviour experiments, indicates 
that the individual or the group in question was 
kept in a cage out of range of the sound of 
stridulation of any of the four species. 
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Mention may be conveniently made here of 
the terminology used in this paper. Faber (1929, 
1932) in his detailed study of stridulation in the 
Orthoptera, recognised no less than twelve 
different songs or phrases used by these insects 
in various situations, of which the most im- 
portant are: 


1. The normal song of males alone or with 
other males, but with no females present. 

2. The courtship song, or serenade, made by a 
single male in the presence of a female. 

3. The shout of triumph; this comes at the 
end of a successful serenade and immediately 
precedes a motion by the male to engage the 
genitalia. 

4. The rivals duet sung when another male 
intrudes between male and female during a 
serenade. 

5. The copulation song of a male, evoked by 
disturbance of a copulating pair. 

The terms in italics in the above definitions 
will be used in the present series of papers to 
describe songs of the type referred to, and where 
modifications occur these will be explained on 
each occasion in the text. 

A more difficult task is to devise a suitable 
nomenclature to describe the structure of these 
various songs from an acoustical point of view; 
a very confused terminology is in use and at- 
tempts to resolve it, as for example at the 
Paris Conference on the Acoustics of Orthop- 
tera in 1954, have met with little success. There- 
fore, for the present work a series of arbitrary 
definitions of use in the present context was 
adopted and these are listed below; it must be 
emphasised here that these definitions are not 
intended for application beyond the present case. 

Principal frequency: the frequency in any song 
radiated at the highest intensity. 

Pulse: the sound given out during one 
complete cycle of motion of the stridulatory 
mechanism. 

Pulse repetition frequency (P.R.F.): the number 
of pulses occurring per second, when these are 
produced in a reasonably regular manner. 

Phrase: a group of pulses occurring in a close 
sequence, e.g. in the normal song of C. parallelus. 

Song: this will be designated by the particular 
type (e.g. “normal,” “courtship,” etc.) and 
indicates the whole sound output of an insect 
under the particular circumstances. Songs may 
be made up of a succession of pulses, either 
regular (e.g. O. viridulus normal song) or ir- 
regular (e.g. C. brunneus normal song) or a 


succession of phrases (e.g. C. parallelus normal 


song). 
Analysis of Stridulation 

The stridulatory apparatus in the Acrididae 
has been described in detail by several workers, 
notably Jacobs (1953), and others have at- 
tempted to relate the frequency of wave-form 
of the emitted sound to the mechanism of action 
of this apparatus (Pierce, 1948; Broughton, 
1955). No attempt has been made to do this in 
the present work, where the sound has been 
regarded from the viewpoint of its use as a 
stimulus to certain behaviour in the receiving 
insect; thus only those qualities which may affect 
its efficacy as such a stimulus have been in- 
vestigated. These qualities are the range of com- 
ponent frequencies of which the sound is com- 
posed, the waveform of the pulses or phrases 
which go to make up the song, and the pulse 
repetition frequency. One further quality of the 
sound stimulus, the intensity, might effect the 
use of stridulation as a stimulus, but as the in- 
tensities of the songs of the present species under 
laboratory and field conditions have been 
published elsewhere (Haskell, 1955) these data 
are not repeated in this paper. Also excluded 
from the present study has been recording of, 
and the behaviour related to, the so-called 
“responding” and “rivalry” songs between 
males. This was done to simplify the problem 
and to allow attention to be concentrated on the 
behaviour related to the “‘normal’’ and “‘court- 
ship” songs of the species. 

The results of song analysis are presented 
in the form of oscillograms, audiospectrograms 
and a comparative table for the four species 
showing the principal characteristics. All re- 
cordings were made of insects between one and 
two weeks after the final moult. 

Stenobothrus lineatus 

Normal Song. (Oscillogram Fig. 1A; Audio- 
spectrogram Fig. 2A). During stridulation there 
is a continuous sound output at or about the 
principal frequency; there are thus no separate 
pulses in this song, but as will be seen from the 
oscillogram there is a periodic increase in ampli- 
tude about once a second, which is detectable 
as a slow warble by the human ear. This periodic 


change is accompanied by a similar periodic ° 


change in the intensity of the 3.2 ks and 5 ks 
components of the song, which on the audio- 
spectrogram alternate about the 4 ks maxi- 
mum intensity. The song consists of the con- 
tinuous emission of this type of sound for periods 
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jal PLATE I 


h Fig. 1. Oscillograms of the songs of certain male Truxalinae. The upper trace in every case is a timing mark with intervals 
ere of 1/10 second. A. S. lineatus, normal song. B. S. lineatus, courtship song. C. O. viridulus, normal song. D. O. viridulus, 
the courtship song. E. O. viridulus, copulation song. F. C. brunneus, normal song sung alternately by two males. G. C. 
rate brunneus,courtship song. H. C. brunneus, copulation song. I. Alternate imitation and natural normal song of C. brunneus, 
the the former coming first. J. C. parallelus, one phrase of the normal song. K. Imitation of one phrase of C. parallelus, 
rpli- normal song. L. C. parallelus, courtship song. 
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A B ¢ D 


G 
03 04064 4252-32 64 1 125 2 32 4 10 Comp. 
05 -08 -25 16° volt. 
Fig. 2. Audi of the songs of certain male Truxalinae. The key below shows the mid-point frequency of 


jospectrograms 
each band in kc/s; the line at the extreme right is an orientation deflection from a 1-5 volt battery. 


A.B.C. Fy lineatus normal song, made by three insects under identical conditions. D. S. lineatus, — song. 
E. F. O. =o —_— song, sung (B) with both femora and (F) with right femur only. G. O. viridulus, 


courtship song. 
K. Imitation of c ‘parallelus, normal song. 


varying from as little as 5 seconds up to 30 
seconds or more. The audiospectrograms Figs. 
2A, B and C show the variation in frequency 
spectrum for the normal song sung under 
identical conditions by three separate in- 
dividuals. 

Courtship Song. (Oscillogram Fig. 1 B; Audio- 
spectrogram Fig. 2D). There is no continuous 
sound output in this song, which is heard as a 
series of separate clicks. The song consists of 
varying numbers of pulses repeated in a more or 
less irregular fashion for periods of from 5-15 
seconds; during emission the male often dances 
excitedly round the female. 


Copulation Song. This song is evoked when a 
pair in copula are disturbed; the male emits a 


C. brunneus, normal song. I. C. brunneus, courtship song. J. C. parallelus, normal song. 


regular clicking noise with both femurs. No 
recording of the song was made, but the timing 
of the clicks was measured, and the rate was 
5-6 per second. 
Omocestus viridulus 

Normal Song. (Oscillogram Fig. 1C; Audio- 
spectrogram Fig. 2E). The song is a trill con- 
sisting of rapidly repeated pulses; the P.R.F. 
can vary between 10 and 18 pulses per second. 
A characteristic of this song is that it starts 
at a low intensity and gradually builds up to 
a maximum, maintained for the whole of the 
rest of the song. The duration of the song may 
be anything between a few seconds and several 
minutes, without any pause. This grasshopper 
sometimes uses one hind femur only and some- 
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times both together to make the song. With 
one femur the frequency range is reduced and 
the principal frequency is 4 kc/s (see audio- 
spectrogram Fig. 2F); when both femora are 
used the frequency range is increased and the 
principal frequency rises to about 5 kc/s 
(audiospectrogram Fig. 2E). The P.R.F. is the 
same in both cases. 

Courtship Song. (Oscillogram Fig. 1D; Audio- 
spectrogram Fig. 2G). This courtship song 
generally follows on from the end of the normal 
song, a transition phase being effected by the 
insect flicking both hind femora sharply back- 
wards, which produces a clicking noise consisting 
of a single short duration pulse; the insect then 
carries on with the courtship song proper. 
Occasionally this “clicking” is done repeatedly, 
when the noise so produced sounds like a very 
slowed down version of the courtship song. 
The courtship song is sung in bursts of up to 10 
seconds, the male dancing round the female. 
At the end of the song the male leaps on to the 
female. In the event of the male being repulsed, 
repetition of the song may or may not be pre- 
ceded by a burst of the normal song. 

Copulation Song. (Oscillogram Fig. 1E). 
No frequency analysis of this song was made; 
the stridulation is evoked, as in the case of 
S. lineatus and C. brunneus when a pair in copula 
are disturbed. The sound is a more or less 
regular series of clicks succeeding one another 
at a rate of 4 per second; the number of clicks 
produced at any one time depends on the 
intensity of the disturbance. 

Chorthippus brunneus 


Normal Song. (Oscillogram Fig. 1F; Audio- 
spectrogram Fig. 2H). This song consists of a 
single pulse, repeated at irregular intervals 
ranging from as little as 1 second up to 10 
seconds. Thus no value for P.R.F. can be given. 
The principal frequency is 5 kc/s. The oscillo- 
gram shows the songs of two males singing 
alternately with one another; notice the vari- 
ability of pulse shape between the two in- 
dividuals. 

Courtship Song. (Oscillogram Fig. 1G; Audio- 
spectrogram Fig. 21). This song consists of a 
series of short pulses of variable length rapidly 
repeated, with a P.R.F. variable between 5 and 
8 per second. The pulses occasionally include 
one of a length and type similar to the normal 
song, as can be seen in the oscillogram. 

Copulation Song. (Oscillogram Fig. 1H). 
No frequency analysis of this song was made. 
It is produced when a pair in copula is dis- 
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turbed, and is very similar to’ the copulation 
songs of S. lineatus and O. viridulus, having a 
P.R.F. of 5 per second. 


Chorthippus parallelus 

Normal Song. (Oscillogram Fig. 1J; Audio- 
spectrogram Fig. 2J). The song consists of 
phrases made up of pulses, the number of pulses 
per phrase varying from 3-15; the oscillogram 
shows a 13 pulse phrase. The P.R.F. within any 
one phrase is fairly constant at about 5 pulses 
per second. Phrases are repeated at a fairly 
regular rate of about one phrase every 2 seconds, 
but this interval may be lengthened to 5 or even 
10 seconds. 

Courtship Song. (Oscillogram Fig. 1L). This 
song is very variable; it may consist of one short 
pulse (as here) emitted just prior to the male 
leaping on the female, but sometimes a series of 
pulses may be emitted. It is probably more 
accurate to consider the courtship song as 
absent, and regard the noises as a “shout of 
triumph” song. 

Copulation Song. There is no copulation song 
in this species. 

Artificial Stridulation 

One of the main problems connected with 
stridulation is that of the recognition by a 
particular species of its own song from others. 
To assist in answering this question, electro- 
physiological and behaviour experiments were 
carried out using as thestimulus imitations of 
the songs of certain species. In the electro- 
physiological experiments, electronic methods 
were used to produce the imitation, and these 
and the responses of insect hearing organs to 
them have been reported elsewhere (Haskell, 
1956b). In the present behaviour experiments 
it proved most convenient to restrict such 
imitations to those which could be made by the 
experimenter by mouth; recordings and analyses 
of these sounds are given below. 

Imitation of Normal Song of C. parallelus 

(Oscillogram Fig. 1K; Audiospectrogram 
Fig. 2K). (Compare Fig. 1J and Fig. 2J for 
natural emission). The most obvious differences 
between the natural and imitation signal lie in 
the pulse shape and the frequency range. The 
principal frequency is 8 kc/s, considerably 
higher than the natural signal, and the frequency 
spectrum is much wider, with a large com- 
ponent at 10 kc/s; this is to be expected 
considering the mode of production which is a 
repetitive hiss with pursed lips. The P.R.F. is 
of course under the control of the experimenter, 
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but it is difficult to make this exactly the same 
for different experiments which may lead to 
variations in the response of the insects. 
Imitation of Normal Song of C. brunneus 

Fig. 11 shows an oscillogram of alternation 
between natural and imitation stridulation for 
this species. The first pulse is imitation, followed 
after a short delay by a natural pulse, shorter 
and smaller in amplitude; this is followed by an 
imitation pulse and so on alternately. The pulse 
shape should be compared with that of the 
natural song. 

Table I is a comparative table of the principal 


song characters for all the species. 
Discussion of Stridulation 

It seems probable from the results given- 
above and from the work of Busnel & Chavasse 
(1950) and Busnel, M. C. (1953) that the sounds 
emitted by the four species here studied lie 
entirely within the audio-frequency range. 
In all cases recordings were examined on the 
audiospectrometer for outputs above 10 kc/s; 
these could only have been expected up to 13 kc/s, 
the frequency response limit of the tape re- 
corder, but in no case was any output found 
above 10 kc/s. 


Table I. Comparative Song Characters of Four Male Truxalinae. 


Mean 
frequency | Principal Formalised Pulse Song” 
Species Song Type spectrum requency pulse structure repetition characteristics 
in in (not to frequency to human ear 
ke/s kc/s scale) in c/s 
Stenobothrus | NORMAL 0-4—8 4 1 Continuous em- 
lineatus ission of warb- 
ling note 
CourRTSHIP 0-5—6 4 7 Series repeated 
clicks 
COPULATION — — 5 Series repeated 
clicks 
NORMAL 0-32—8 5 10—18 Continuous 
Omocestus trill 
viridulus 
CouRTSHIP 0-4—6-4 3-2 a Series repeated 
44444 clicks follow- 
ing normal song 
COPULATION + Series repeated 
clicks 
NORMAL 0-8—8 5 = Single pulse at ir- 
Chorthippus @ 2 intervals 
brunneus 
CouRTSHIP 2—6°4 4 5—8 Series repeated 
clicks 
COPULATION —- — 5 Series repeated 
clicks 
NORMAL 0-5—10 5 b Phrases of 3-15 pulses 
repeated at varying 
Chorthippus intervals 
parallelus 
COURTSHIP Single pulse 
of sound 
Imitation by | C. parallelus Pulse shape ; 
mouth of normal song | 0-32—10 8 varies Variable 
following 
songs: C. brunneus Pulse shape 
normal son 0:32—10 10 varies 
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As with cicadas (Pringle, 1954), the’ principal 
difference between the songs of the four species 
and between the varieties of song associated 
with any one species lies in the different pulse 
repetition rates of the pulses of which they are 
constituted. There exists no marked difference 
between the species as to the general range of 
emitted frequencies, and the audio-spectrograms 
show that the principal frequency in all cases 
lies between 3.2 and 5 kc/s. The intensity, 
frequency spectrum and waveform of the 
stridulation are subject to irregular variations 
as between insects and even in one individual. 
These variations are illustrated in the case of 
S. lineatus in audiospectrograms of three in- 
dividuals singing the normal song under 
identical conditions, (Fig. 2A, B, C), and in the 
case of O. viridulus by the variation in song 
when one or both femora are used (Fig. 2E, F). 
Such variations were found throughout the four 
species. The pulse repetition frequency also 
varies to a certain extent, but remains the most 
constant character of the songs. This is in 
agreement with previous work (Busnel, M. C., 
1953). The effect of environmental conditions 
on the characteristics of the songs, and on the 
variation of the frequency spectrum, intensity 
and pulse repetition rates, is small and is 
probably only a reflection of the effect of tem- 
perature on the muscles of the stridulating insect ; 
this agrees with other investigations (Busnel, 
M. C., 1953). 

There have been suggestions that in cases 
where a particular song is sung by an insect 
using alternate femora, the physical character- 
istic of the sound are different and produce 
differing behaviour responses. This was investi- 
gated in the case of O. viridulus normal song; 
the main difference in the sounds emitted when 
made with one femur or both lies in the wider 
frequency spectrum of the song produced by the 
latter method (see Fig. 2E, & F); the same 
phenomenon is found in the stridulation of 
Locusta migratoria (Busnel, M. C., 1953). 
Since this change would not produce any 
corresponding alteration in the pattern of 
nervous discharge in the tympanal nerve of the 
receiving insect (Haskell, 1956a) it seems im- 
probable that the differences in the mode of 
production are capable of use as a code system 
by the insects. 

However, the differences of pulse repetition 
frequency between the various songs would seem 
to be significant, since it has been shown for the 

present species (Haskell, 1956b) that it is 


precisely this quality of the stridulation which is 
represented in the discharges in the tympanal 
nerve by characteristic patterns of impulses. 
This finding is underlined by the effects of imita- 
tion stridulation in the behaviour experiments. 
It is obvious from the analysis given above that 
the waveform and frequency spectrum of the 
artificial noises are very different from those of 
the normal song, yet such imitations were 
capable in a large number of cases of evoking 
normal behaviour responses; only when the 
pulse repetition frequency was markedly differ- 
ent from that of the normal song did these 
sounds become useless in provoking those 
responses (see below). 

One aspect of stridulation about which very 
little is known is the stimulus evoking it. There 
seems little doubt that the behaviour is innate, 
and the onset of stridulation, at least as far as 
the normal song is concerned, is probably con- 
trolled by an endogenetic stimulus, which is 
responsive in some degree to environmental 
conditions. Huber (1955) has shown that in 
Gomphocerippus rufus L., the corpora pedun- 
culata must be intact to allow full stridulation 
behaviour to occur, and presumably it is in those 
higher centres that integration of the stimuli 
leading to the onset of stridulation is effected. 
The onset of the courtship song (either following 
from the normal song or de novo) in the present 
four species seems in every case to be due to 
visual stimuli, although olfactory stimuli may 
also play a part. Any mature adult male, when 
confronted by a female of his species, will at 
once begin to sing the courtship song and make 
an attempt at copulation. 


Behaviour between Males 
Stenobothrus lineatus 

Synchronous singing by groups of three or 
four males was observed; these groups did not 
form in response to song but apparently to 
environmental conditions in places of relative 
high temperature within the cage. Once formed, 
however, singing of the normal song by one 
individual led to singing by all. By roughly 
handling or startling the members of a singing 
group stridulation was stopped, but could be 
re-started almost at once by playback to the 
insects of recordings of the normal song of the 
species. 

Three males were kept isolated for three days, 
then placed in the observation cage and subjected 
to playback of the male normal song through a 
small (3 inch) loudspeaker on the floor of the 
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cage 4 feet away from the insects. Two males at 
once oriented and moved towards the loud- 
speaker, going right up to it, when they stopped 
and stridulated in concert with the playback. 
The other male started jumping about the 
cage, finally landing near the loudspeaker when 
it stridulated in concert with the others. A repeat 
of this experiment with a further three isolated 
males was made and all three males moved 
directly to the loudspeaker. 


Omocestus viridulus 


When several adult mature males were con- 
fined in a cage, prolonged singing of the normal 
song by one insect seemed to provoke stridu- 
lation in others, but no alternation of stridu- 
lation between individuals or synchronous 
singing in groups was observed in such cases. 
Mature adults kept isolated for several days 
showed no response to the normal song of 
other males when returned to their company. 
Chorthippus brunneus 

Alternate stridulation between males is well 
known and was frequently observed; little loco- 
motor movement was seen to accompany this 
behaviour as long as the two males concerned 
had been kept in the company of other males. 

An insect from one of these responding pairs 
was kept isolated for 24 hours; it was then 
returned to the observation cage and a recording 
of the normal song of the species played back 
through a small loudspeaker on the floor of the 
cage 3 feet away from the insect. After the first 
pulse of the song, the male raised its antennae, 
oriented towards the loudspeaker and crawled 
towards it on a fairly direct path. It stopped 
when its antennae were nearly touching the 
speaker. As soon as playback stopped, the male 
stridulated (the normal song) in reply, stopping 
when playback was re-started. A second male 
from the breeding cage was then put in with the 
first, and began to sing the normal song immed- 
iately; the first male took no notice of the song 
of the second male, and continued to stridulate 
in alternation with the playback. 

A newly emerged male of C. brunneus, kept 
isolated in the previous instars, was put in the 
observation cage and the normal song of a male 
played back through a small electromagnetic 
headphone on the floor of the cage. The male 
made no response to two relays of playback, 
each lasting about 4 minutes; at the end of the 
third trial, it made a tentative attempt at 
stridulation, flapping its wings as well. It then 
stridulated more frequently, the sound being 


of the normal song type; finally it oriented 
towards the earphone and crawled towards it 
until 2 or 3 inches away. At this point two adult 
mature males from the breeding cage, kept 
isolated for 24 hours, were introduced into the 
cage; they at once stridulated in response to 
playback, and the original newly moulted male 
responded to the stridulation between these two 
insects by turning and moving to within 6 inches 
of them. The three males then stridulated al- 
ternately, but in uneven manner, occasionally 
two insects singing together. 

Playback of normal male song through a 3 
inch electromagnetic speaker on a concrete 
floor attracted a male, kept isolated for 24 
hours, from a distance of 4 feet; it did not 
stridulate. Another isolated male was then put 
4 feet away from the loudspeaker; on commenc- 
ing playback, it oriented towards the speaker 
and reached it in two jumps, when it moved 
rapidly round it, singing the normal song. 
This stridulation caused the original male to 
stridulate in response, and the two males began 
to move about, orienting to each others song 
in mutual search. When they came within 2 or 3 
inches of each other, one male attempted a 
copulation leap onto the other (though emitting 
no courtship song), but was of course repelled. 

Males kept in the breeding cage could often 
be made to respond with stridulation and taxic 
locomotor movements to imitations of the 
normal song made by the experimenter, but a 
higher proportion of responses was obtained 
with males kept isolated for 24 hours or more. 
Fig. 11 is an oscillogram made from a recording 
of such an experiment showing alternation of 
stridulation between an insect and the experi- 
menter. 

Responses in the form of stridulation and 
taxic movements were also obtained when 
normal song was played back to normal and 
isolated males, a slightly higher number of 
positive reactions being obtained than from 
the imitation song. Table II summarises the 
results of these experiments. 


Chorthippus parallelus 


Concerted singing was observed in males of 
C. parallelus. Males with their hind legs removed 
so as to leave the coxae only were placed in 
singing groups on several occasions. In every 
case the hind coxae of these insects could be 
seen to be making movements corresponding to 
the general rhthym of stridulation in the group, 
which suggests that it is not necessary for these 
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Table II. Responses of Normal and Isolated Males of C. Brunneus to Recorded and Imitation Normal Song 


Type of insect Number of trials 


Percentage of insects responding with stridulation 
and taxic locomotor movements to following types 
of stimulus: 


(a) Playback of normal (6) Mouth imitation of 
song normal song 


Normal 50 
Isolated 50 


54% 42% 
78% 10% 


insects to be able to hear the sound of their 
own stridulation in order to enter into concerted 
singing. As in C. brunneus, response by stridu- 
lation to playback of normal song of the species 
was more easily elicited from isolated than from 
non-isolated males. During one of these play- 
back experiments, the frequency spectrum and 
waveform of the playback sound was altered and 
distorted by means of variable filters attached 
to the amplifier. Fig. 3 is an oscillogram show- 
ing (upper trace) the normal playback and (cen- 
tre trace) distorted playback of the same part 
of the stridulation; both these sounds produced 
responses from males. These experiments were 
then repeated, but the tape speed was reduced 
by half; this had the effect of attenuating the 
higher frequencies and also reducing the P.R.F. 
of the emitted sound by half (lower trace). The 
number of responses to this sound was greatly 
reduced. Table III summarises these experiments. 

Responses to imitations of C. parallelus 
normal song made by mouth were elicited 
from males, again more easily from isolated 
than from normal insects. Variation in the 
P.R.F. of the stimulus in these experiments 
produced results agreeing with the previous 
observations, since a departure from the natural 
speed range caused a reduction in the number 
of responses. 

Of five males kept isolated for 24 hours and 
then returned to a cage which contained a male 


singing group three showed immediate stridu- 
lation response, oriented to the singing group 
and moved towards it, finally joining it. The 
remaining two males stridulated in response 
to the group song, and oriented towards the 
singers, but did not move towards them. Repetit- 
ion of this experiment using a small loud- 
speaker playing back normal song instead of the 
male singing group resulted in four of the five 
experimental insects giving stridulation response 
and moving across the cage right up to the loud- 
speaker; the fifth male, although stridulating. 
did not move to the speaker. 

Finally, it may be stated that no reaction 
of any sort could be elicited from the experi- 
mental insects to any song of any species other 
than its own. 


Discussion: Behaviour between Males 


This discussion is concerned only with 
reactions of mature adult males; in the four 
species the evidence points to a general stridu- 
latory reaction by males to the normal song 
of their own species, which produces singing 
in groups. The group stridulation may be 
alternate, as with C. brunneus, or concurrent, 
as with O. viridulus, or synchronous, as with 
S. lineatus; during the group singing, little or no 
locomotor activity is seen in the insects. 

In males continuously within one another’s 
company, or at least within acoustic range of 


Table III. Responses of C. parallelus Males to Variations in the Playback of Normal Male Song 


Percentage of positive responses by stridulation to the following 
stimuli: 


Type of insect Number of trials 
Playback of 


Playback normal 
normal song 


song through 
distorting filter 
56% 


68% 


Playback normal 
song half tape speed 


58% 
2% 


20% 
28% 
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each other, no marked locomotor reactions 
are produced by the normal song of their own 
species, but a period of isolation for 24 hours 
or more produces enhanced reactions in all 
species except O. viridulus, which includes 
orientation to and movements towards the 
source of sound stimulus, as well as stridulation 
in response. The locomotor movements of 
isolated males cease when they join a singing 
group; in the laboratory, the responding male 
often moves into the singing group so that it 
has visual as well as acoustic contact with 
its fellows, but acoustic contact alone is 
sufficient. This must mean that the locomotor 
movement ceases when the responding insect 
perceives the stridulation of its fellows at or 
above a certain threshold intensity. 

These observations suggest that as far as 
taxic movements towards the sound source are 
concerned, habituation to the stimulus of normal 
song occurs in males remaining within acoustic 
range of one another. This may be of some 
significance in the ecology of the species; 
Richards & Waloff (1954) found that spon- 
taneous movement of grasshoppers in the 
field was very small, and amounted to as little 
as a few metres in a whole season. Habituation 
to stridulation, and the consequent disappear- 
ance of taxic or kinetic movements in response 
to song, may be correlated with such small 
movements. Furthermore, the re-appearance 
of a taxic response in a male to the normal song 
of its species, after a period of acoustic isolation, 
would tend to preserve the aggregations of 
species such as Richards & Waloff describe, 
since if a male wandered out of the acoustic 
range of its fellows, its enhanced locomotor 
movements after a lapse of 24 hours or more 
would be such as to return it to the nearest 
stridulating group of its own species. In the 
typical long grass habitats of these species, visual 
fields are very restricted and grouping dependent 
on optical stimuli would be most inefficient; the 
acoustic mechanism suggested above would 
overcome such difficulties to a large extent, 
although, as pointed out elsewhere (Haskell, 
1955) the efficiency of acoustic signalling varies 
greatly with topography and microclimate. 
However, acoustic range even under the worst 
conditions in the typical habitats of the present 
species would be in most cases at least ten 
times as great as visual range. 

The group singing of adults of the four 
species may also serve to attract newly emerged 
adults. It may be remarked here that recent 


work (Haskell, in preparation) has shown that 
“‘Kaspar Hauser’ males (insects reared in an 
isolated state from birth), while able to sing the 
various songs of their species quite normally, 
do so very infrequently until placed in a singing 
group, when the frequency of occurrence of 
stridulation increases markedly and permanent- 
ly. This may be the explanation of the some- 
what anomalous behaviour of the newly 
emerged C. brunneus male described above. 

The reactions of males of C. brunneus and 
C. parallelus to artificial imitations of stridu- 
lation, and to distorted playback of recorded 
normal song, agree with the supposition that 
the main factor in specific song discrimination 
is the pulse repetition frequency of the stimulus 
sound. This is in accord with the neurophysio- 
logy of the sound receptors in these insects, 
since the discharge pattern in the tympanal 
nerves on stimulation by stridulation is related 
to the pulse repetition frequency (Haskell, 
1956b). 

Since successful copulation in these four 
species generally occurs only after the singing 
of the correct courtship song and as species only 
react to their own stridulation, the differences 
in song pattern could act as a species isolating 
mechanism in the present insects. This is of 
importance when it is considered that they can 
and do live closely intermingled in the same 
habitats. It is interesting to observe that the 
copulation song does not show marked specific 
differences, discrimination at this stage pre- 
sumably having been made superfluous—the 
choice has already been made in response to the 
other, earlier songs in the sequence. 


Summary 

1. The stridulation of the grasshoppers Steno- 
bothrus lineatus, Omocestus viridulus, Chor- 
thippus brunneus and Chorthippus parallelus 
was recorded on magnetic tape and analysed 
oscillographically and with an audio-spectro- 
meter. 

2. The various types of songs are described 
and inter- and intra-specific differences as 
revealed by physical analysis are shown to 
reside almost completely in differing pulse 
repetition frequencies. 


3. The behaviour of adult mature males on 
stimulation with the normal song of their 
species is described. Normally this behaviour 
leads to group singing, with no locomotor 
movement, but males of all species except 
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O. viridulus when segregated from their’ fellows 
for 24 hours or more show taxic locomotor 
reactions to the source of sound. The locomotor 
movements cease when a male joins a singing 
group. 

4. It is suggested that this reaction may be 
related to the distributional ecology of the 
insects. 
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A METHOD FOR 


STUDYING THE PREFERENTIAL GRAZING 


OF HILL SHEEP 


By P. R. ATTWOOD 
Edinburgh and East of Scotland College of Agriculture 


AND R. F. HUNTER 
Hill Farming Research Organisation, Edinburgh 


The over-all grazing intensity on a hill 
pasture is determined by the management which 
decides the number of sheep that will graze a 
certain acreage of pasture. Thus, according to a 
survey of 21 sq. miles of hill pasture in the 


Lammermuirs and Moorfoots, groups of sheep — 


are restricted in their grazing range to an 
average pasturage of 243 acres, the groups 
being composed of an average of 126 sheep 
(McPherson). The sheep are kept on their 
allocated area by herding, or occasionally by 
fencing, and both the group of sheep and the 
area which they graze is called a heft. This 
system is typical of the Scottish Borders and 
is followed in some other hill farming areas. 
Invariably, the hefts are not uniform veget- 
ationally but are composed of varying propor- 
tions of different sward types. These sward 
types are the plant communities of the ecologist, 
the most common found on hill pastures being 
Callunetum, Nardetum, Molinietum, Agrostido- 
Festucetum, Eriophoretum and Deschampsietum 
flexuosae. The sward dominated by bracken 
(P. aquilinum) presents a minor problem in 
classification as bracken invades more than one 
sward type. It is perhaps possible to regard it as a 
type of Agrostido-Festucetum whose composit- 
ion and value is determined not so much by its 
origin but by the density of the invading bracken. 
Within the area of the heft there is little 
control of the grazing as the sheep are rarely 
herded more, and often much less, than twice a 
day. The season and intensity of grazing on each 
sward type is therefore not decided by the 
management but mainly by the preferences of the 
sheep, and the actual grazing intensity to which 
the various sward types are subjected bears 
little relation to the over-all grazing intensity. 
Indeed, the difference between lowland pasture 
management and hill pasture management is, 
in a sense, the difference between a controlled 
environment and a semi-natural one. This 
difference poses a problem in hill pasture re- 
search not encountered in lowland pasture 
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research—the study of a semi-natural environ- 
ment and a grazing stock left very largely to 
fend for themselves, the composition and value 
of whose diet is not known. Part of the problem 
and one of the aspects which must be solved 
is the value of the different sward types as 
components of the sheep’s natural diet as it is 
realised in practice through the preferential 
grazing of the sheep. 

The solution of this problem does not in 
itself constitute a method of improving hill 
grazings, but the writers feel that improvement 
is blind unless something is known about the 
natural environment in which the sheep live and 
predictions can be made about how they will 
react to the improvement. Again, a clearer 
understanding of the environment may indicate 
methods of improvement. 


In studying the preferential grazing of differ- 
ent sward types, the writers were faced with the 
problem of finding a rapid and adequately 
accurate method for plotting the location of 130 
sheep on a heft of 250 acres. The site of the 
study is the Gairs heft at Sourhope, a farm in the 
Cheviots under the H.F.R.O. The solution to 
this problem adopted by us may interest workers 
in other parts of the world studying problems of 
extensively grazed hilly areas. 


Method 

Each site will present difficulties peculiar 
to itself and, in describing the method, its 
application in a model site is most easily 
described. The observer, in a hut positioned 
on the hill-side at A (Fig. 1), can see the grazed 
area or heft which is D distant to its nearest 
margin and D, distant to its farthest margin 
from the observer. The elevation from the nearest 
margin to the farthest margin is « degrees. 
Looking across the grazed area, the traverse 
from extreme left to extreme right is 8 degrees. 
In the model, the slope upwards from the 
nearest margin to the farthest is constant. 


Based on this information, a plane table and 
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Fig. 2 
Figs. 1 and 2. Lowest elevation=F, distance from the telescope=D. 
Highest elevation=G, distance from the telescope =D,. 


The length of slope subtended by any smallangle A varies from FK at the bottom 
to OG at the top, consequently the pointer must travel from C to B with an acceler- 
ation equivalent to the increase in slope subtended. At constant speed the pointer 
travel will be the same for each angle A, i.e. x,=y,. Similarly when traversing 
the slope the distance moved by angle A, is greater at B than at C. However, due 
to distance, the size of an object in the foreground is larger than one in the farground. 
Therefore making B the nearground and C the farground and selecting a suitable 
distance d the scale of the map can be kept reasonably constant. 
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outwards from the pivot, 
P. If, for equal degrees of 
elevation of the telescope, 
the pointer were to move 
equal distances from C to 
B, then the scale at which 
FK was plotted would be 
much greater than the 
scale at which OG was 
plotted because although 
these are unequal lengths, 
they subtend equal angles 
A at A. The pointer there- 
fore must be made to move 
with constant acceleration 
in its movement from C 
to B to counteract this. 
Alternatively, if the point- 
er moves at constant speed 
then the telescope in ele- 
vating through the arc 
must move with constant 
deceleration. 


The length of d and d, 
is determined by the scale 
in inches per mile in which 
it is intended to plot the 
position of the sheep with 
the instrument. The tele- 
scope in elevating from F 
to G (Fig. 1) moves the 
pointer a distance d,—d 
(Fig. 2). Ifd,—d=36" and 
FG=1 mile, the scale of 
the map is 36”/mile. 


The length of d is im- 
portant. It will be seen 
that if d_ satisfies the 
equation =p. then equal 
horizontal dimensions on 
the observed area will be 
plotted on the same scale 
by the machine irrespective 
of their distances from 
the observer at A. 

The telescope is borne 
at the end of a metal 
arm (pivoted at P) sup- 
ported on the plane table 


plotting mechanism can be constructed to by bearing wheels and can be moved through a 
record the position of the sheep on the observed horizontal arc equal to f. The telescope, fitted 
area. This is shown diagramatically in Fig. 2. with a cross hair, can therefore be brought to 


As the telescope elevates from F to G through bear on any point falling within the observed 


the angle a, then the pointer moves from C to B area. 
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The Plotting Machine at Sourhope 

As already noted, each site presents its own 
difficulties and the machine has to be modified 
to deal with these though no change in method 
is involved. At Sourhope, the observed area 


, does not have an even slope upward from the 


near ground to the far ground (Fig. 3). The slope 


| changes from steep to slight about halfway up, 


x= 
- 
- 
- 


GRAZED SLOPE 


Fig. 3. This shows the slope at Sourhope with its change point at H. The 
range of elevation is 15° and the ratio of slope angles is 1-7. From the survey 
map the horizontal distance of AF is } mile and AG is | mile, the ratio of 


FH to HG is 1-4. 


therefore giving the pointer constant acceler- 
ation in relation to the elevation of the tele- 
scope was not a suitable solution. Instead the 
pointer moves with constant speed until the 
telescope reaches an elevation corresponding 
to the change in slope, then for the remaining 
elevation the pointer speed is increased and again 
remains constant. The speed is increased by 1.7 
times, this being the ratio of the two slopes 
angles. This helps to keep the scale at which 
the machine plots the location of the sheep 
approximately the same over the whole area 
of the heft. The pointer drive is arranged to 
change speed automatically at point H. 

The plane table is surfaced with cork and 
the pointer can be depressed to make a pin hole 
in a sheet of paper placed on the table. The 
number of times the pointer is depressed being 
recorded on an automatic counter. 

At Sourhope, the observed area is the Gairs 
heft, extending to 250 acres and grazed by 130 
Cheviot ewes and hoggs. No cattle graze the 
heft though it is hoped they will be put on ina 
few years’ time. Ninety-seven per cent. of the 
area of the heft is visible from the observation 
hut and the heft is fenced. 

The observed area was gridded, the inter- 
sections of the grid being marked with turves. 
The size of the grid was 100 feet by 200 feet. 
A sheet of tracing paper was placed on the 


plotting table and the cross hairs of the tele- 
scope brought to bear on each of the points of 
intersection. Each of these points was re- 
corded by depressing the pointer when the 
cross hairs were aligned on a grid inter-section 
and thus making a pin-point hole in the paper. 


When all the grid intersections had been 
recorded by the plotting machine and the pin- 
holes joined up to form 
the grid with straight lines 
drawn on the tracing 
paper, the paper then 
carried a distorted map of 
the surface grid of the 
Msn, observed area at a scale 
— which approximates to 
that decided upon (36’/ 
mile). 

Two reference points on 
the observed area were 
then marked with red and 
white painted posts and 
their positions recorded on 
the tracing paper. These 
points should prefeftably be at either end of 
a traverse of the observed area. The location 
of the sheep could now be recorded. 

A sheet of paper is placed on the plotting 
table and the position of the reference points 
recorded and given a distinctive mark. The 
position of each sheep is then recorded on the 
sheet of paper in the form of a pin-hole. The 
tracing paper bearing the grid map is next 
superimposed on the sheet of paper bearing the 
record of the grazing-sheep-locations and the 
reference points on each sheet made to coincide. 
The pin-points in the record sheet can be seen 
falling within the grid lines on the tracing paper 
and the grazing-sheep-locations can thus be 
plotted on a map of the heft. 

For rapid reference of the grazing-sheep- 
locations to the sward types that the sheep 
were grazing, a vegetation map is made using the 
plotting machine. The observer follows the 
outlines of the various areas of the different 
sward types with the telescope and records their 
outlines on a sheet of tracing paper with the 
pointer. This can be done quite easily in October 
when colour differences amongst the sward 
types are pronounced. This sheet of tracing 
paper can be placed on a record sheet and the 
pin-points are seen to fall within the outlines 
of the various sward types. 


The number of sheep on each sward type are 
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TWIN 
SCREW THREADS 


FLEXIBLE 
PLUNGER 


EYEPIECE 
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END PIVOT 


SIDE ELEVATION 
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Fig. 4. The twin screw threads that carry 


STEEL FRAMEWORK 


the pointer carriage R are connected 


ge 
through gearing S to a quadrant on the telescope (shown in black). Turning the handle 
T causes the telescope to be elevated and at the same time moves the pointer along 
its path. One screw thread W turns at 1-7 times the speed of the other V, but the 
drive is only taken from one at a time, the change-over occurs in either direction when 
the spur gear on R engages with the rack gear Z. The overall increase in speed between 
the telescope quadrant and the fast screw thread is 12,800 to 1. 


then added and the data subsequently reduced 
to give a value for the comparative grazing 
intensity of each sward type as described by one 
of us (Hunter, 1954). 

The basic constructional features of the 
plotting machine are shown in Fig. 4. It is 
possible to use it for observing other slopes 
by altering the position of the change-over 
point, Z, or by dispensing with it entirely as 
required. There is no limit to the traverse 
angle, whilst the angle of elevation is sufficient 
for most grazed slopes. Due to surface irregu- 
larities it has proved impossible to avoid over- 
accuracy in plotting some areas at the expense 
of insufficient accuracy in plotting others. 
However, bearing in mind that this is a relative 
method, the actual position of a grazing sheep 
can be recorded on the vegetation map with 
considerable accuracy. 

In practice the machine is satisfactory and 
enables the worker to exploit the advantages 
inherent in the method. The recordings can be 


made rapidly, for instance, the location of 130 
sheep being recorded in 10-15 minutes by any- 
one after half-an-hour’s instruction in the use 
of the machine and it is doubtful if this could 
be done as quickly by any other method. 
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INVESTIGATIONS INTO THE COURTSHIP BEHAVIOUR OF THE MALE 
OF Hypolimnas misippus L. (Lepidoptera, Nymphalidae), WITH SPECIAL 
REFERENCE TO THE ROLE OF VISUAL STIMULI 


By GEORGE O. STRIDE 
Department of Zoology, University College of the Gold Coast, Achimota* 


Introduction 

Hypolimnas misippus L., is a widely dis- 
tributed butterfly occurring throughout the 
tropical regions of the Old World. The species 
shows a well marked sexual dimorphism, the 
male retaining the contrasting black and white 
pigmentation that is generally found in members 
of the genus, while the female has acquired a 
mimetic resemblance to the orange-brown 
danaid butterfly Danaus chrysippus L. (Eltring- 
ham, 1910; Punnett, 1915; Stride, 1956). 

The male exhibits a very characteristic and 
conspicuous courtship behaviour when pursuing 
the female. This behaviour has been described 
in a previous paper (Stride, 1956), to which 
frequent reference will be made during the 
course of the present paper. Since the main 
flight of Hypolimnas misippus in southern 
Gold Coast is an annual event lasting only for a 
few weeks it was not possible on the previous 
occasion to carry out any more than a very 
limited number of experiments on the factors 
involved in the courtship responses of the male 
butterfly. The present paper is to be regarded 
as an extension of the previous work, and one 
in which particular attention has been paid to 
the role of visual stimuli. 


Experimental Methods and Presentation of 
Results 

It was realised at the outset that it would be 
impracticable to carry out large numbers of 
trials, the results of which could be subjected to a 
statistical analysis. As in the previous paper, 
therefore, conclusions have been drawn from 
experiments composed of a small number of 
separate trials that were carried out over a 
short period of time. In this way it was hoped 
to reduce to a minimum the adverse effects 
of such variables as the climatic conditions and 
the skill of the operator. Furthermore, it was 
felt that the type of information required at this 
stage of the investigation should be sufficiently 
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self-evident not to require statistical methods for 
its elucidation. 

The following standard procedure was used 
throughout the course of the experiments 
described in this paper. Cardboard models 
were prepared and a small cork attached to the 
under surface of each one. When required for 
experimental purposes the cork was pushed 
on to the end of a tensile wire, which was 
itself attached to a light bamboo cane some 
6 to 7 feet long. The model was then moved 
past a free-living male butterfly at a distance 
of about four feet, and with a gentle dancing 
motion. Generally the male rose to investigate 
the model, and followed closely behind it. If 
the males succeeded in touching the model 
they sometimes appeared to appreciate the 
deception and flew away. The object of the 
experimenter, therefore, was to achieve a 
“donkey and carrot’? technique whereby the 
model was moved in a circle round the experi- 
menter and about a foot in front of the pursuing 
male, in such a manner that the latter could 
not make actual contact with the model. This 
was not always easy, especially with certain 
males which flew at the model with sudden 
irregular darts. In order to assess the degree 
of attraction that any model possessed for the 
male, the time was recorded that elapsed between 
the male approaching to within a foot of the 
model, and his final loss of interest. A foot 
was adopted, perhaps somewhat arbitrarily, 
as the distance at which it could be assumed 
that the pursuing male would appreciate the 
colour and other visual characters associated 
with the model. In order to avoid “‘tiring’”’ the 
males, a model was never offered to the same 
male more than twice in succession. In an ex- 
periment each model was offered three times to 
the males, and then replaced in turn by another 
model. This process was repeated until all the 
models had been presented an appropriate 
number of times (usually 9 1. 15 times). Trials 
in which the male failed to respond to the model 
were ignored, as it was uncertain whether this 


130 
iny- 
use 
yuld 
heir 
tor, 
fac- 
ian, 
the 
ward 
and 
id of 
st of 
1 the 
ng it 
|__| 


154 


had resulted from a true lack of response, or 
merely from a failure to see the model. 


The Responses on the Males to Coloured Models 
(a) The Effect of the Colour of the Model 


Previous work on males had indicated that 
visual stimuli were of prime importance in 
eliciting the earlier courtship reactions of the 
male butterfly. Apart from certain experiments 
described in the previous paper, field observa- 
tions also supported this contention strongly. 
Butterflies having a similar colour to the 
Hypolimnas female (e.g. the common Afella 
phalantha Drury) were nearly always followed 
more keenly and for a longer distance than were 
butterflies which did not possess such pigmen- 
tation. On one occasion also a male was 
observed to follow and buffet the orange head 
of an agama lizard as the latter ran rapidly over 
a stretch of open ground. 

For the first experiment a series of eight 
models was prepared, and the models were 
painted with Rowney’s Powder Paints in the 
following colours: vermilion tint, chrome yellow, 
ultramarine, emerald green, yellow ochre, light 
red, black and white. The models were presented 
to the males in this order, three trials being made 
with each model before passing to the next. 
(Expt. 1). A second similar experiment was 
carried out under approximately the same 
conditions on the following day. (Expt. 2). 
The results of these two experiments are shown 
in Figs. 1 and 2. It will be noted that, although 
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Fig. 1. The responses of the males to coloured models. 
Pursuits that exceeded 10 seconds duration are recorded 
in the 10 plus column. 
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Fig. 2. The responses of the males to coloured models. 
Pursuits that exceeded 10 seconds duration are recorded 
in the 10 plus column. 


the results of the second experiment tended to be 
lower than those of the first (the red model is an 
exception to this), they were sufficiently similar 
to enable certain conclusions to be drawn 
with confidence. The vermilion, chrome yellow, 
yellow ochre and light red models undoubtedly 
possessed a considerably greater attraction for 
the male butterflies than did the other models. 
As might be expected the visible light reflected 
by the attractive models lay almost entirely 
in the yellow-red region of the spectrum, 
with the exception of that from the light red 
model. This latter possessed a marked green 
component. Simple spectrometric analysis of 
the light reflected from the orange-brown areas 
of the female wing indicated that it possessed 
conspicuous green, yellow, orange and red 
components. It was uncertain, however, whether 
the male was reacting separately to the major 
components in this wide range of visible light 
wavelengths, or whether his reaction was a single 
response stimulated by any light or mixture 
of lights having wavelengths within the range. 
Were the first hypothesis correct, some indication 
of an additive process might reasonably be 
expected when two separate stimuli were 
presented together. Thus the response to an 
orange model, reflecting both red and yellow 
lights, might be stronger than that to a model 
reflecting only one of these colours. In Expt. 3 
the responses of the males to a red and yellow 
model were compared with their responses to 
orange models. 


= 

mo 
E 
| Rec 
Ora 
Ora 
| Yel 

pai 
yell 

the 
col 
spo 
ligt 

the 

in i 
reg 

out 
| | imp 
{ this 
(b)' 
inve 
colc 
a ly, 
colc 
beer 
inve 
= 
app 
seer 
is re 

not 

10 scconos wav 
refle 

\ 


odels. 
corded 


to be 
is an 
milar 
lrawn 
tedly 
n for 
odels. 
lected 
tirely 
trum, 
it red 
green 
sis of 
areas 
sessed 
i red 
hether 
major 
light 
single 
ixture 
range. 
cation 
ly be 

were 
to an 
yellow 
model 
ixpt. 3 
yellow 
ses to 


STRIDE: THE COURTSHIP BEHAVIOUR OF THE MALE OF HYPOLIMNAS MISIPPUS L. 155 


REO 


2 3 s ? a 


Fig. 3. Responses of males to Yellow, Orange and Red 
models. 
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Pigment Composition 

Red .. 3 pts. vermilion + Opts. chrome yellow. 
Orange A - ” ” ” + 1 ” ” ” ” 
Orange B 1 ” ” ” Gi 2 ” ” ” ” 
Yellow 0 ” ” ” + 3 ” ” ” ” 


The results of this experiment are shown in 
Fig. 3 and there is no indication that the models 
painted with the mixtures of vermilion and 
yellow were any more effective in stimulating 
the male than those painted with the pure 
colours. It seemed likely that the male re- 
sponded sexually to any model that reflected 
light predominantly in the yellow-red region of 
the spectrum, but that it did not discriminate 
in its responses between the various parts of this 
region of the spectrum. As has been pointed 
out previously (Tinbergen, Meeuse, Boerema 
& Varossieau, 1942) this does not necessarily 
imply that the butterfly is colour-blind over 
this region of the spectrum. 


(b) The Effect of the Brightness of the Model 


The experimental results obtained during 
investigations into the responses of insects to 
coloured objects have to be interpreted cautious- 
ly, as the insect may be responding rather 
to the brightness of the object than to the actual 
colour. Generally difficulties of this nature have 
been surmounted by testing the insect against 
a series of greys in addition to the colours under 
investigation. If, under these conditions, an 
insect fails to distinguish a colour, to which it is 
apparently sensitive, from any of the greys, it 
seems reasonable to suppose that the insect 
is reacting to the brightness of the colour, and 
not to the actual wavelength of the colour. 
No particular significance attaches to the use 
of grey in such experiments other than the fact 
that it reflects a relatively wide range of light 
wavelengths. It does not, of course, necessarily 
reflect all the wavelengths visible to the insect 
being considered, 


Following this procedure, therefore, the 
responses of the males to the following models 
were compared: black, white, five shades of 
grey, and vermilion. Whereas the responses to 
the vermilion model were strong, the black, 
white and grey models all received only very 
weak responses (Expt. 4., Fig. 4). Only the 
responses obtained by three of the grey models 
have been incorporated in Fig. 4, those obtained 
by the other two grey models being essentially 
similar to them. Since the reaction of the males 
to the vermilion model was quite different, they 
were presumably reacting to the colour of the 
vermilion model and not its brightness. 

Another experiment (Expt. 5) was carried 
out using models of different brightness, but in 
this case the basic light colour was vermilion 
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Fig. 4. The effect of the overall brightness of the model 
on the responses of the males. 


Pigment. Composition 

Red .. 3 pts. vermilion +1 pt.chrome yellow 
White .. 5 ,, white 

Light Grey 4 ,, white +1 pt. black. 
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which was mixed with black in various propor- 
tions. The responses of the males to these 
models (Fig. 5) indicated clearly that the 
brightness of a model painted in an attractive 
colour had an important effect in determining 
the strength of the male responses, the males 
responding more strongly to the brighter models. 


(c) The Inhibitory Effects of White on the Court- 
ship Responses of the Male 

In the previous paper considerable significance 
was attached to an apparent inhibition of the 
male courtship responses by large white areas 
on the wings of any butterfly that the male was 
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Fig. 5. The effect of the brightness of an attractively 
coloured models on the responses of the males. 
Model Composition of Pigment. 

ae pts. vermilion +0 pts. black. 
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pursuing. It seemed advisable during the present 
work to confirm the existence of this inhibition 
by further experiments, using the coloured 
models. Examination of the results obtained 
in Experiments | and 2 (Figs. 1 and 2) showed 
that the responses received by the white model 
did not differ appreciably from those received 
by other unattractive models (i.e. black, blue 
and green). It was noticeable during these 
experiments, however, that it was more difficult 
to get the minimum responses to the white 
models than to the others, the males tending 
to ignore the white models and not flying readily 
to investigate them. Nevertheless it was not 
possible to decide whether the lack of response 
to the unattractive models resulted from simple 
failure of the model to elicit the responses or 
from a genuine inhibition of the responses. In 
further experiments, therefore, the effect of 
combining an attractive colour (orange) with an 
unattractive colour (black or white) in the same 
model was investigated. It seemed reasonable 
to suppose that if the unattractive colour 
exercised an inhibitory effect it would tend to 
reduce the response of the male to the attractive 
colour; if it possessed no such inhibitory effect 
it would not reduce the responses. In these 
experiments (e.g. Expt. 6) the following models 
were used: 
Model (a): Orange forewings plus white hindwings. 
(b): Orange forewings plus black hindwings. 
Model (c): Orange hindwings plus white forewings. 
(d): Orange hindwings plus black forewings. 
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Model (e): Entirely black. 
(f):Entirely white. 
(g): Entirely orange. 
Model (A): — —— only (i.e. hindwings 
absent). 
(i): Orange hindwings only (i.e. forewings 
absent). 


Models (a) and (b) combined the attractive 
orange colour on the forewings with the un- 
attractive colours white and black respectively. 
In (c) and (d) the position of the attractive and 
unattractive colours were reversed, the orange 
colour being situated on the hindwing. 

This was a necessary precaution in view of the 
findings, reported in the previous paper, that 
the effect of favourable and unfavourable stimuli 
depended partly as to whether they were 
situated on the forewing or on the hindwing 
of the test insect. Models (e), (/) and (g) repre- 
sented controls for each of the colours being 
used. The models (h) and (i) carried only one 
pair of orange wings each. These were intro- 
duced as further controls, since they carried the 
same area of orange pigment as occurred in 
a (a)-(d), although their total area was 
ess. 

Experiment 6 was carried out in hot bright 
sunlight. The results are set out in Fig. 6. It is 
apparent that, as on previous occasions, the 
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Fig. 6. The inhibitory effect of white on the responses 
of the male. 


black (e) and white (f/f) models received very 
weak responses, while the orange models 
((g), (A) and (i)) received strong responses. 

The responses to model (g) (with two pairs 
of orange wings) do not appear to have been 
markedly different from those received by 
models (h) and (i) (with only one pair of orange 
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wings). This suggests that, in so far as the area 
of orange pigmentation was a factor of signi- 
cance in the control of the duration of the 
male responses, that area presented by only one 
pair of wings was capable of eliciting responses 
of maximum duration. Increase of this area 
by the addition of a second pair of wings did not 
increase the duration of the male responses. 
In the first instance, therefore, the effect of black 
and white on the attractiveness of the model 
may be seen by comparing the responses to the 
series of models (i), (g), (d) and (c). The model (i) 
possessed orange hindwings only and obtained 
a maximum response, no further increase in 
response being obtained by the addition of 
orange forewings (g). A similar response was 
still obtained when a black forewing was added 
(/) and this suggested that the presence of the 


. black forewing had no effect on the attractive- 


ness of the model. When a white forewing was 
added, however, the model received only a weak 
response, (c), thus indicating that the white 
forewings had nullified the effect of the orange 
hindwing and partially inhibited the responses 
of the male. A similar conclusion results from a 
comparison of the responses obtained to the 
series of models (h), (g), (6) and (a), in which 
the forewings were orange and the hindwings 
were substituted. It would appear, therefore, 
that although the responses obtained by ‘the 
black mode! and the white model were super- 
ficially similar (i.e. very weak, and of short 
duration), the actual effects of these two models 
on the living males were probably quite different. 
The lack of a continued response to the black 
model resulted from the absence of the stimu- 
lation of any courtship behaviour, other than 
that of a preliminary approach evoked by the 
presence of a small, moving, dancing “‘butter- 
fly”. The lack of continued response to the 
white model was of a more positive nature, and 
resulted from an actual inhibition of the court- 
ship behaviour by the colour of the model. 
This, no doubt, explains why it was noticeably 
more difficult to elicit any response from the 
males using a white model than when using any 
other coloured model. In the previous paper it 
had been observed that the presence of a small, 
moving, “flying” object appeared to be an 
important stimulus complex in eliciting the 
early stages of the behavioural sequence. 
Presumably, with a black model, this stimulus 
complex was still able to elicit a positive re- 
sponse from the males. With a white model, 
however, the tendency of the males to respond 


to the stimulus complex would be inhibited 
by the white colouration. It seems likely that 
this inhibitory effect of white may be of signi- 
ficance in the mimetic association between 
Danaus chrysippus and Hypolimnas misippus, 
and it will be examined more fully in the dis- 
cussion at the end of this paper, together with 
other relevant data from Eltringham (1915) 
and Tinbergen, Meeuse, Boerema & Varossieau 
(1942). 

It had been noted that, in Experiments | and 2, 
the blue model had failed to elicit a response 
from the living males, and it was possible that 
the inhibitory effect of the white models might 
arise from the blue component in the light 
reflected from them. In order to test this hypo- 
thesis four further models were made, all of 
which possessed orange hindwings. The fore- 
wings were respectively orange (a), black (5), 
white (c), and blue (d). These models were 
presented to the males in Experiment 7, and the 
results obtained are shown in Fig. 7. 
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Fig. 7. The effect of combining white, black and blue with 
orange on the same model. 


20 SECONDS 


The response to the entirely orange model (a) 
was of reasonable intensity, but that to the 
orange and black model (5) was of rather greater 
intensity, the responses to these two models 
thus being comparable with those obtained to the 
similar pair of models (g) and (d) in Experiment 
6. The beneficial effect of the substitution of a 
black forewing in an orange model may have 
been the result of the decrease in the total 
“brightness” of the model to a more normal 
level (i.e. compared with the natural female). 
It had already been shown (Fig. 5) that the 
brightness of an attractively coloured model 
was of significance in determining the reactions 
of the males. The orange models were extremely 
bright to the human eye, and possibly exceeded 
the optimum brightness necessary to elicit a 
maximum response from the males. The 
response to the white and orange model in this 
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experiment (7) again demonstrated. the in- 
hibitory effect of the white pigmentation. The 
response to the orange and blue model (d) 
was rather similar to that obtained by the 
entirely orange model. Taking the most attrac- 
tive model (6) as a standard, therefore, the sub- 
stitution in this model of a blue forewing 
reduced its attractive qualities by about the same 
amount as did the substitution of an orange 
forewing. The detrimental factor might well have 
been the same in each case, i.e. an increase in the 
total brightness of the model resulting from a 
substitution of a coloured forewing in place of a 
black forewing. Certainly the blue wings exerted 
no inhibitory effect comparable with that of the 
white wings. 


(d) The Effect of the Position of the Coloured 
Stimulus on the Model 


In the previous paper on H. misippus experi- 
ments were described in which a pair of male 
wings were substituted in an otherwise female 
test insect. The effect of such substitution on 
the reactions of the living males was much 
greater when it occurred in the hindwings than 
in the forewings. In Experiment 6 and a second 
similar experiment* two orange and black, and 
two orange and white models were prepared. 
One of each of these pairs of models carried 
the orange on the forewing, the other carried it 
on the hindwing. Experiment 6 was performed 
in bright sunlight, while the other experiment 
was carried out under rather hazy conditions. 
Considering the orange and black models only, 
the results obtained in the two separate experi- 
ments did not suggest that the attractive proper- 
ties of the orange colouration were enhanced 
when they arose from any particular position 
on the model. Considering the two orange and 
white models, however, there could be little 
doubt in the second experiment that the model 
with the orange forewings was the more attrac- 
tive. Under the brighter conditions of Experi- 
ment 6 the difference between the two models 
was much less marked. Owing to the variables 
involved (e.g. brightness of reflected light, 
differences in activity levels of males, relative 
areas of forewings and hindwings), and the 
complexities undoubtedly introduced by the 
interplay of the orange stimulation and the white 
inhibition, a further analysis of these results is 


*The results of the second experiment have not been 
quoted in this paper in order to save an illustration. 
They were essentially the same as those obtained in 
Experiment 6. 


not possible. The results do not necessarily 
conflict with those quoted in the previous paper, 
since a different experimental technique was 
used. In the present experiments the males were 
not allowed to approach the model closely. 
In the previous experiments, on the other hand, 
the males were allowed to approach and touch 
the test insect. Since the approach was almost 
invariably made from behind the test insect, it is 
reasonable to suppose that as a male approached 
more closely to the test insect it would come 
more completely under the influence of the 
stimuli arising from the hindwing. 


The Attractive Properties of the Natural Butterfly 
Wing 


Of the coloured models used in the previous 
experiments, those possessing one pair of orange 
wings and one pair of black wings had proved 
most attractive. In Experiment 8 the attractive- 
ness of one of these models, possessing orange 
forewings and black hindwings, was compared 
with that of a model bearing the natural female 
butterfly wings. To prepare the latter, the wings 
were removed from an oven-dried specimen and 
glued to the upper surface of the wings of a 
cardboard model. The lower surfaces of the 
cardboard wings were painted black. During 
this experiment it became evident that the males 
were prepared to follow the “natural wing” 
models persistently for comparatively long 
periods of time. A time limit of 20 seconds was 
set to each response, any response that had not 
been completed in this time being simply 
recorded as ‘‘20 plus secs.” The results of 
Experiment 8 are given in Fig. 8, and they 
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Fig. 8. A comparison of the male responses to an attrac- 


tive coloured model (orange forewings + black hind- 
wings) and to a model bearing dried female wings. 


Nine of the responses to the model bearing the natural 
wings involved a “‘quivering flight’’ reaction. 


demonstrate clearly the very superior attractive 
qualities of the natural butterfly wing. 

Apart from the greater persistence with which 
the males followed the “natural” model, it was 
also noticeable that they tended to respond with 
the ‘‘quivering flight” reaction (i.e. the Grade 3 
response described in the previous paper). In 
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9 out of 18 trials this response was made to the 
“natural” model; out of a similar number of 
trials with the painted model no such response 
was obtained. Under the conditions of these 
experiments, using a “donkey and carrot” 
technique, the males were not able to touch 
the models, and it appeared that the Grade 3 
response was being elicited by visual stimuli 
only. However, further confirmation of this 
point was desirable as the possibility remained 
of a scent factor being associated with the nat- 
ural .wings, even though they had been oven 
dried at 80°C. for several days. Two further 
models were made, therefore, by sticking the 
wings of Danaus chrysippus to the upper surface 
of cardboard models. Since the local West 
African form of this danaid has white hind- 
wings, which exert a strong inhibitory tendency 
on the courtship of the Hypolimnas males, 
it was necessary to replace these hindwings with 
suitably shaped brown areas cut from the fore- 
wings of other Danaus specimens. The resulting 
models thus possessed brown hindwings and 
resembled D. chrysippus form chrysippus, a 
form corresponding to the female form misippus 
of H. misippus. In Experiment 9 the responses 
of the Hypolimnas males to these two models 
were compared with their reaction to a natural 
female H. misippus model, similar to that used 
in the previous experiment, and a cardboard 
model painted in the natural colours of the 
misippus form. Of the two danaid models, (5) 
was an exceptionally small and very dark 
specimen captured several days before the 
experiment and subsequently oven dried, while 
(c) was a larger and much brighter specimen that 
had been set and stored for over a year. It was 
most unlikely that either model possessed any 
scent resembling that associated with the 
Hypolimnas female. Nevertheless, the larger 
and brighter specimen (c) was very attractive 
to the males, and in 5 out of the 12 male re- 
sponses it elicited a Grade 3 reaction. This 
result suggested strongly that the Grade 3 
reaction could frequently be elicited by visual 
stimuli alone. The marked failure of the other 
danaid model (b) to attract the males was pre- 
sumably correlated with its small size and the 
unusual darkness of its pigmentation. 

The results of Experiment 9 are shown in 
Fig. 9, and it will be noted how they fell into 
two rather distinct groups—short reactions of 
less than 8 seconds duration, and long responses 
of more than 18 seconds duration. These latter 
responses were nearly always associated with 


Fig. 9. The responses of the males to models carrying 
painted wings, the wings of D. chrysippus, and the wings 
of the female H. misippus. 


A... Normal wings of female H. misippus. 

B_.. Wings of small dark specimen of D. chrysippus. 

C_.. Wings of large bright specimen of D.chrysippus 
chrysippus. 

D_.. Model painted in natural colours. 


A received eight Grade 3 responses, while B received 
two, and C five such responses. 


the quivering flight, and it seemed that once the 
male had passed into this type of flight it was 
prepared to maintain it for a comparatively long 
time. In terms of the grades of courtship re- 
sponse, described in the previous paper, it may 
be said that the short reactions of Experiment 9 
represented Grade 1 and Grade 2 responses, 
while the long reactions generally represented 
Grade 3 responses. 

The brown pigments of the danaid, the H. 
misippus female, and of the painted model were 
examined by a spectroscope. Superficially at 
least, they appeared to be similar, each having 
conspicuous red and green components, a 
weaker yellow component, and no blue com- 
ponent. 

Further cardboard models were made and 
painted with various colours or mixtures of 
colours that resembled the orange-brown ground 
colour of the female Hypolimnas. All of these 
painted models, however, were very inferior 
to models bearing actual butterfly wings in their 
ability to obtain prolonged reactions from the 
males. It was evident, therefore, that the males 
either possessed a greater acuity of vision than 
had been anticipated, or that some further visual 
stimulus, other than the colour visible to the 
human eye, arose from the butterfly wing, and 
was of major significance in stimulating the 
courtship behaviour of the male butterfly. 

To the human eye the colours produced by 
the powder paints were of a different “texture” 
to those on the butterfly wing, and in the next 
experiment (Expt. 10, Fig. 10) the effect of 
making certain alterations to the colour “‘text- 
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Fig. 10. The responses of the males to models having 
wings of different surface “‘textures.” 


For explanation, see text. 


ture’”’ was investigated. The following cardboard 
models were used: 


(a) Model painted in natural colours with 
powder paints. 


(b) Model painted natural colours, smeared 
with gum tragacanth, and finally dusted 
with powdered glass. It was hoped that such 
treatment might produce the soft glitter 
frequently apparent in butterfly wings. In 
fact it gave the model a rather mealy appear- 
ance. 


(c) Model painted in natural colours, and then 
smeared with gum tragacanth—a control for 
model (5). 


(d) Model painted in natural colours and 
varnished with ‘“‘Peligom,” a cellulose ad- 
hesive similar in appearance to “Durofix” 
or “‘balsa cement”. This treatment increased 
the “depth” of the colour so that it re- 
sembled that of the butterfly more closely, 
but it unfortunately gave a glossy appear- 
ance to the wing. 


(e) Normal female wings. 


(f) Normal female wings, but varnished over 
with ‘“‘Peligom.” This gave a very shiny 
surface since more Peligom was used on this 
model than on model (d). 


(g) The wings of this model were covered with 
brown patches taken from the hindwings 
of oven-dried female Hypolimnas. The brown 
patches were arranged on the wing so that the 
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scales all lay in the normal direction. This 
was a control model for comparison with 
model (h). 

(h) This model was constructed in a similar 
fashion to model (g) except that the patches 
of wing were placed on the model so that the 
scales lay in the opposite direction to the 
normal. In this manner it was intended to 
alter any polarisation effects that might 
normally arise from the scales on the butter- 
fly wing. Later it was realised that it would 
have been preferable to turn the direction 
of the scales through a right angle rather 
than to completely reverse them. 


The results obtained in this experiment are 
shown in Fig. 10. It will be noted that model 
(e) (natural wings) received by far the strongest 
response. Moderately strong responses were also 
obtained by models (g) and (A), but the general 
patchiness of these models was probably re- 
sponsible for their obtaining weaker responses 
than had model (e). There is some indication 
in Fig. 10 that the model in which the scales lay 
in the normal direction received a stronger 
response than the other (h). A moderate re- 
sponse was also obtained by the model that was 
painted in natural colours (a). The addition of 
*Peligom”’ or powdered glass reduced the attract- 
iveness of the models so treated, and it is 
apparent that certain factors, other than colour, 
associated with the wing surface were appreci- 
ated by the male butterflies and were able to 
modify the courtship responses. 

No further investigations have yet been made 
to determine the reason for the greater at- 
tractiveness of the natural butterfly wing over 
the cardboard models. It is of interest, however, 
to note how other workers have commented on 
this same phenomenon. Eltringham, for in- 
stance, while investigating the colour vision of 
butterflies, placed coloured paper models and 
old set specimens of Argynnis euphrosyne L., 
on the ground, and noted how frequently 
the living males of A. euphrosyne approached 
them. Describing this experiment he writes 
“In the first place the superior attraction of the 
real butterflies was very noticeable. The live 
fritillaries dipped at and examined the paper 
models, but in the case of the real ones they 
fluttered over them, touched them, and made 
every effort to obtain some response.” (Eltring- 
ham, 1919). He suggested that the acuity of the 
butterfly’s vision was such that it readily 
distinguished the real butterflies from the models, 
but was unable to indicate exactly which visual 
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factors enabled the butterfly to make this 
distinction. 

During their investigations into the courtship 
behaviour of Eumenis semele L., Tinbergen, 
Meeuse, Boerema & Varossieau compared the 
reactions of the living male to three butterfly 
models. The first of these was cut out of brown 
paper, the second was painted in the natural 
colours, while the third had the wings of a 
natural butterfly glued to it. These workers noted 
that although the male would fly at and in- 
vestigate all the models, it would only per- 
sistently follow the model with the natural 
wings. (Tinbergen, Meeuse, Boerema & Varos- 
sieau, 1942). They therefore differentiated two 
separate reactions in the initial courtship 
response of the male Eumenis—a “‘flying to- 
wards” or approach reaction, and a “flying 
after” or following reaction. They further sug- 
gested that the “following” reaction depended 
on chemical stimuli emanating from the wings 
of the female butterfly. It should be noted, 
however, that in their analysis of the Eumenis 
courtship behaviour Tinbergen and his col- 
leagues were primarily interested in the “‘ap- 
proach” reaction and their experiments natur- 
ally gave little information on the “following” 
reaction. It may well be, therefore, that the 
“following” reaction depends, not on chemical 
stimuli, but on visual stimuli as has been shown 
for Hypolimnas misippus. 

At present, it seems that certain unidentified 
visual stimuli, arising from the wings of the 
female butterfly, are of importance in eliciting 
a response of maximum intensity from the 
courting male. 


The Significance of the Wing Pattern of the 
Female 


The female form inaria of H. misippus occurs 
very frequently in the Achimota district. The 
wing pattern of this form is very simple, con- 
sisting merely of a black border to the other- 
wise golden-brown wings. Since this form 
attracted the males readily, it seemed unlikely 
that any of the additional complications of 
pattern found in the female form misippus 
(i.e. the black apical areas with white spots) 
would be found to possess any particular 
significance in stimulating the courtship of the 
male. Nevertheless it seemed advisable to check 
this point experimentally. 

In the first experiment (Expt. 11) painted 
cardboard models were used. The pigment 
‘light red” was used as a basic ground colour 


for the models, and the following models were 

used: 

(a): A plain model, painted entirely with light 
red. 


(5): A plain, light red model, with a black 
border to all wings (=form inaria). 
(c): As (6) but with apical area of forewing 
also black. 

(d): As (c) but with white spots added to black 
apical area (=form misippus). 

(e): Model with dried female wings (form 
misippus) glued on to upper surface. 

(f): Model with orange forewings and black 
hindwings (as used in Experiments 6a 
and 6b). 


BLACK - 

Brown = 

wire - | 


© oe 


T T T T T 
2 w 12 “4 20 204 «SECONDS 


Fig. 11. The significance of the various components of 
the wing pattern of a painted model on the responses 
of the males. 


The results obtained are shown in Fig. 11. 
The great superiority of the natural wings was 
demonstrated yet again. Of the painted models 
both (b) and (/) obtained a significantly stronger 
response than did the others. The superior 
attraction of model (f) over other simple card- 
board models had already been seen in other 
experiments. (Expts. 6 and 7). 

An explanation may be given of the results 
obtained in Experiment 11, provided the two 
following assumptions are permitted: 

1. That there is an optimum brightness for 
an attractive model that will elicit the strongest 
responses from the males (see Expt. 5). 

2. That the attractiveness of a model is 
enhanced if it carries a certain amount of black 
pigmentation contrasting with the brighter 
ground colour. 

On this basis, the increased attractiveness of 
model (5) over model (a) might arise from the 
contrasted pattern introduced by the presence of 
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the black border in model (bd). (It may be 
significant that the majority of specimens of the 
form inaria of H. misippus taken at Achimota 
still retained the black border to the wings, 
even though the brown pigmentation had been 
extended to eliminate the apical black and white 
area present on the forewing of the typical form 
misippus). The further blackening out of the 
apical area of the forewing (c) would have 
decreased the attractiveness of the model by a 
reduction of the total brightness of the model 
below the optimum. The stronger response that 
was obtained by model (/) seems to indicate 
that the blackening out of the forewing could be 
extended to cover the entire wing without a loss 
of attractiveness provided that a “brighter” 
attractive colour (e.g. orange) was substituted 
on the hindwing. Possibly the brighter colour 
compensated for the fall in the overall bright- 
ness of the model that occurred when the fore- 
wing was blackened. 

It has not yet been proved that the existence 
of a contrasting pattern of black and an attrac- 
tive colour (e.g. black and orange) enhances the 
attractive qualities of the model, but such an 
hypothesis is in keeping with most of the 
experimental results obtained so far in this work. 
It also suggests an explanation for the wing 
pattern of the form inaria. As will be seen from 
the next experiment to be described, the attrac- 
tive visual stimuli arise almost entirely from the 
brown areas of the female wing. This suggests 
that there might be a sexual selection operating 
in favour of an increase in the brown area of the 
female wing, and might account for the per- 
sistence of the non-mimetic form inaria in 
West Africa. Even in inaria, however, where the 
black and white apical area of the wing has been 
eliminated, a conspicuous black border to the 
wings is still retained, thus providing a con- 
trasted pattern. However, genetical factors based 
on a mimetic selection of other forms (e.g. 
misippus) presumably influence the wing pattern 
of inaria, and offer another explanation of the 
black border. The form misippus possesses a 
black border also, as do the various forms of 
D. chrysippus. 


A further experiment was designed to locate 
the major source of the attractive stimuli arising 
from the natural butterfly wings. For this 
experiment (Exp. 12) a series of painted models 
was prepared and appropriate parts of the 
painted wings were covered with the corres- 
ponding parts of the natural wings. The following 
models were used: 
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(a): Normal dried female wings were glued to 
the wings of the model so that no painted 
areas were exposed. 

(b): A cardboard model painted in the natural 
colours of H. misippus, form misippus, i.e. 
with black and white wing tips. 

(c): A painted cardboard model similar to (5), 
but with no white spots on the black wing 
tips and with brown areas of wings covered 
with corresponding areas from dried butter- 
fly wings. 

(d): Similar to (c), but with white spots painted 
on the black wing tips. 

(e): Painted cardboard model, similar to (6), 
but with the black border of hindwings 
covered by a natural black border from 
dried butterfly wings. 

(f): A painted cardboard model similar to (5), 
but with black and white apical area covered 
by corresponding areas from dried speci- 
mens. 
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Fig. 12. The significance of the various components of 
the wing pattern of the natural wings on the responses 
of the males. For explanation, see text. 


The results of this experiment (Fig. 12) 
indicate quite clearly that the attractive stimuli 
of the female wing arose almost entirely from 
the brown areas of that wing. Those models, for 
instance, that possessed the natural brown wing 
areas (i.e. models (a), (c) and (d)) obtained 
by far the strongest responses from the males. 
Furthermore a model possessing only the 
natural black and white wing tips (/) did not 
attract the males more strongly than an entirely 
artificial model (6). Further evidence was 
obtained by comparing the reactions of the males 
to two rectangular cards (2” x 14”) one of which 
was entirely covered with patches taken from 
the brown areas of the female wings, while the 
other was covered with similar patches taken 
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from the black and white areas of the wing. 
The brown card was very attractive, but the 
black and white card was unattractive to the 
males. 


The Effect of the Size of the Model 


This matter was investigated by covering 
rectangular cards having the same length/ 
breadth ratios, but of different sizes, with brown 
patches from the female wing. These cards were 
then presented to the males. The results are 
shown in Fig. 13 (Experiment 13). They indicate 
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Fig. 13. The effect of the size of an attractive model on 
the responses of the males. 


that within certain limits (i.e. at least over the 
size range between models (b) and (d)), the 
actual size of the model had no major signifi- 
cance. Too large a model, however, (model (a)) 
exerted a marked inhibition on the courtship 
responses of the male. 


Discussion 


The inhibitory effect of white on the court- 
ship of the male H. misippus requires further 
consideration. There is no reason to suppose 
that different white surfaces which appear 
similar to the human eye will also appear 
similar to butterflies. It is well known, for in- 
stance, that bees can distinguish readily between 


certain white paints by virtue of the amount of - 


ultra-violet light that they reflect. Nevertheless, 
both in the work of Eltringham (1919) and that 
of Tinbergen, Meeuse, Boerema & Varossieau 
(1942), there is evidence of white exerting a 
specific effect on the courtship behaviour of 
male butterflies. Eltringham commented on the 
behaviour of the male Argynnis euphrosyne L., 
as follows: “‘A. euphrosyne will pursue another 
species of butterfly on the wing if the other is 
more or less darkly coloured. It never notices 
any of our white Pierines.”’ Since A. euphrosyne 
itself is a comparatively bright little butterfly, 
it seems that Eltringham was using the phrase 
“more or less darkly coloured” in a rather 


broad sense. His comment on the lack of re- 
sponse to Pierines is significant, since it cannot 
be supposed that the A. euphrosyne always failed 
to see them. It is possible that, as in H. misippus, 
the preliminary stages of the courtship response, 
though readily elicited by any dark fluttering 
butterfly, were inhibited by the presence of a 
white butterfly. 

A study of the results obtained by Tinbergen, 
Meeuse, Boerema & Varossieau, working with 
Eumenis semele, suggests that in this species 
also the courtship of the male was uniquely 
affected by white models. The early stages in 
the courtship behaviour of E. semele resemble 
those of H. misippus in that the male rises 
readily to investigate any small animal that 
flies past. Tinbergen and his co-workers in- 
vestigated the response of the males to coloured 
cardboard models, but used a somewhat differ- 
ent technique to that used with H. misippus. 
Each model was suspended on a thread which 
was attached to a rod. The models then were 
presented in turn to free living males at a stan- 
dard distance, the rod being manipulated to 
impart a fluttering movement to the model. 
The “releasing value” of any model with 
reference to the courtship reactions of the male 
was assessed by noting the frequency with which 
the males approached the proffered models. 
The overall results obtained when various 
coloured paper models were used in such an 
experiment are shown in Fig. 14. This graph 
incorporates the results of a number of separate 
experiments in which a brown model was com- 
pared directly with one or two other coloured 
models, the method used being described in 
detail by the authors. It suffices here to say that 
the number of responses obtained by the brown 
model (i.e. the natural colour) was taken as 
100 per cent. and the number of responses 
obtained by the other coloured models were 
expressed as a percentage of those obtained by 
the brown one. It will be noted that, if the 
white model is excluded from consideration, 
the difference in the number of responses ob- 
tained by the other models was small. The 
most frequently approached model (black) 
only obtained about 104 per cent. of the re- 
sponses obtained by the brown model, while the 
least frequently approached model (yellow) 
still obtained about 95 per cent. of such re- 
sponses. The white model, on the other hand, 
was in a category of its own, obtaining only 
about 63 per cent. of the approaches obtained 
by the brown model. Even allowing for differ- 
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mechanism concerned in the responses 
to white was of a more complex 
nature than that concerned in the 
response to other colours. The ner- 
vous mechanism that controlled the 
positive response of the male to the 
models (other than the the white 
model) may be regarded as a single 
unit, the activity of which was de- 
pressed or excited according to the 
conditions of the experiment. Thus 
if the responses to a brown model 
were depressed at the time of any par- 
ticular experiment, then the responses 
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eA 14. The responses of male E. semele to variously coloured models 
(after Tinbergen, Meeuse, Boerema and Varossieau, 1942). 


The percentage quoted for any given colour represents the average for 
several individual experiments in each of which the number of responses 
to the coloured model was compared directly with the number of responses 
obtained by a brown model. In each experiment the number of responses 
to the coloured model was expressed as a percentage of the number 
obtained by the brown model. These percentages were then used to 
obtain the average percentage for each colour as quoted in the figure 


above. 


ences between the vision of E. semele and our- 
selves it still seems improbable, that when such 
small differences existed between the releasing 
value of black and of red, blue, or yellow, that 
the extremely low value of white should have 
been entirely due to its brightness. It seems 
likely, therefore, that white did exert some 
special effect on the courtship responses of the 
male, and this may well have been of an in- 
hibitory nature, similar to that seen with the 
Hypolimnas males. 

An examination of the individual experiments 
(Fig. 24 in the paper by Tinbergen, Meeuse, 
Boerema & Varossieau) discloses further points 
of interest. Not only did the white model show, 
on the average, by far the lowest releasing value 
of all the models when compared with brown, 
but it also showed the most variable releasing 
value. There is a certain consistency apparent 
in the results obtained when the brown model 
was compared with, say, the black or red models, 
but this consistency is entirely lacking in the 
experiments carried out which compared the 
brown with the white model. In two of these 
experiments, in fact, the white model received 
slightly more responses than did the brown; 
in the other four, it received considerably less. 
This inconsistency itself emphasises the “‘unique- 
ness” of white, and suggests that the nervous 


to a red model were similarly de- 
pressed. If it is further accepted that 
the presence of white excited an 
inhibitory mechanism, as in H. 
misippus, and that the activity of this 
mechanism varied independantly of 
the first mechanism, then the incon- 
sistency of the results obtained with 
white models is understandable. Thus 
Tinbergen and his colleagues obtained 
the following approximate percent- 
ages of responses to brown and white 
models in various experiments: 


3 of Percentage of| Percentage 

model | white model 
(c) —23 
—18 
oe | 12 —18 


On the hypothesis suggested above it would 
be argued that the first two experiments were 
carried out under conditions in which the 
sensitivity of the inhibitory mechanism was low 
compared with that of the excitatory mechanism. 
In the remaining experiments the sensitivity 
of the inhibitory mechanism was comparatively 
higher. 

To sum up, there is evidence that white plays 
a peculiar role of its own in the courtship of 
H. misippus, A. euphrosyne, and E. semele. 

Since H. misippus is a nymphalid and E. 
semele is a satyrid butterfly, field observations 
were made on the nymphalid and satyrid butter- 


164 
flies 
Acl 
oth 
the: 
ign 
be, 
tha 
on 
fan 
T 
an | 
I 
hab 
tha’ 
“ok 
inve 
> see! 
mal 
the 
to 
tha 
evel 
leas 
the 
ove 
res} 
elic 
wo! 
Ar 
tior 
priz 
ther 
disc 
obj 
adv 
hibi 
nyn 
thes 
sinc 
pur: 
fam 
don 
fam 
rest 
con 
mar 
in t 
Thu 
into 
area 
biol 
doe: 


rould 
were 

the 
low 
1ism. 
tivity 
tively 


plays 
ip of 


d E. 
tions 
itter- 


STRIDE: THE COURTSHIP BEHAVIOUR OF THE MALE OF HYPOLIMNAS MISIPPUS L. 165 


flies that occurred in the neighbourhood of 
Achimota. Although they frequently harried 
other butterflies that were in company with 
them, they showed a very marked tendency to 
ignore all the white pierid species. It may well 
be, therefore, that further investigation will show 
that white has a fairly general inhibitory effect 
on the male courtship responses in the two 
families. 

The biological advantage arising from such 
an inhibition may be as follows: 

In many of the species that frequent open 
habitats the behaviour of the males resembles 
that of H. misippus in that they adopt certain 
“observation posts” from which they fly up to 
investigate other passing insects. These sorties 
seem to be made in order to identify suitable 
mates, and it is to the insect’s advantage that 
the number of sorties made should be reduced 
to a mimum consistent with the achievement of 
that result. An excessive number of sorties, 
even if they did not expose the male to an 
increased chance of predatory attack, must at 
least represent an unnecessarily large drain on 
the insect’s physical resources. Furthermore, 
over-frequent stimulation of a behavioural 
response frequently leads to fatigue and an 
increase in the threshold stimulus necessary to 
elicit the response. Tinbergen and his co- 
workers showed this to be true for E. semele. 
A male butterfly thus fatigued by over stimula- 
tion might well fail to respond when an appro- 
priate female actually flew by. Any mechanism, 
therefore, that enforces a certain amount of 
discrimination by the male with regard to the 
objects it pursues, is likely to confer a biological 
advantage to the species concerned. An in- 
hibition of the early courtship reactions of male 
nymphalids and satyrids by white would provide 
these butterflies with just such a mechanism, 
since it would enable them at least to avoid 
pursuing butterflies of the Pieridae, the only 
family where white is commonly found as .a 
dominant pigment. Where white occurs in other 
families it is generally in spots or patches of a 
restricted size. Not only does the Pieridae 
contain many almost entirely white species, but 
many of these species are extremely numerous 
in the more open areas of Europe and Africa. 
Thus a high proportion of the butterflies coming 
into proximity with a nymphalid male in such 
areas will be white pierid butterflies, and the 
biological advantage will be with the male that 
does not respond to them. 

This suggested biological factor may be of 


significance in a further understanding of the 

mimetic association between D. chrysippus and 

H. misippus in West Africa. The main features 

of this association have been outlined in the 

previous paper (Stride, 1956), where it was also 
pointed out that in West Africa the danaid 
possessed a white hindwing (form alcippus), 
while both the female forms of the Hypoliuas 
(forms misippus and inaria) had brown hind- 
wings. Frequently, however, the brown hind- 
wings of the Hypolimnas female were some- 
what suffused with white scales, but never to 
such an extent that the wing appeared white 
rather than brown. The failure of H. misippus 
to develop a mimetic form corresponding to the 
white hindwinged D. chrysippus form alcippus 
was explained on the supposition that there 
was no “mimetic pressure” acting on dH. 
misippus in West Africa. Otherwise, it was 
argued, those males that mated most readily 
with the females that had lighter hindwings 
would give their progeny a greater chance of 
survival. Not only would the eggs fertilised 
by such a male develop in a more effectively 
protected mimetic female, but the eggs them- 
selves would eventually produce butterflies, 
the females of which would presumably gain 
added protection from a mimetic tendency 
inherited from the female parent. In this way, 
therefore, the inhibitory effect of white on the 
male courtship behaviour would gradually have 
been eliminated, and a true white-hindwinged 
mimetic form of H. misippus would have been 
produced. The possibility that the “white 
inhibition” is widespread throughout the Nym- 
phalidae and Satyridae, however, alters its 

significance in any consideration of the H. 

misippus/ D. chrysippus association, for it must 

be regarded, not as a peculiarity of H. misippus 
that the species has somehow acquired in the 
past, but as a more general phenomenon of 

such biological importance that it occurs in a 

wide range of species. 

An alternative hypothesis may now be pro- 
posed in which the wing pattern of the H. 
misippus female is seen to be under the influence 
of two opposing selective forces: 

(a) A mimetic selection, tending to develop a 
white hindwing similar to that of the model 
D. chrysippus. 

(b) A sexual selection by the male which dis- 
criminates against a white hindwing as a 
result of the “‘white inhibition.” 

The biological advantages arising from the 
‘“‘white inhibition” are held to be such that they 
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effectively oppose any possibility of the “white 
inhibition” being bred out of the species as a 
result of mimetic influences, such as was 
suggested in the earlier hypothesis. The develop- 
ment of the colour of the hindwing is therefore 
in a state of balance between these opposing 
forces, and this may account for the fairly 
frequent occurrence of specimens having a 
variable amount of white on the hindwing. 

It was also noted at Achimota that the under- 
surface of the hindwing of the H. misippus 
female was considerably lighter than the upper 
brown surface. The similarity between this 
species and D. chrysippus is therefore greater 
on the lower surface than on the upper surface. 
Since the initial approach of the male Hypolimnas 
to the female tends to be from behind and 
slightly above her, it would not readily appreci- 
ate the characters of the undersurface of the 
female wing. This suggests again that there is 
mimetic pressure on H. misippus to acquire a 
similar wing pattern to D. chrysippus form 
alcippus, but that the similarity can be achieved 
on those parts of the hindwing that have little 
significance in the courtship responses of the 
male. 

There can be no doubt that the male courtship 
of H. misippus is greatly influenced by the colour 
of the object courted. In this respect it seems to 
agree with the findings of Eltringham during his 
work on the vision of A. euphrosyne. At first 
sight, however, it appears to contrast strongly 
with the results obtained by Tinbergen and his 
co-workers on E. semele. Once the essential 
differences between the experimental work on 
these two butterflies has been appreciated, it is 
possible to present a simple hypothesis that will 
explain both sets of experimental results. Such 
a common hypothesis is desirable in so far as the 
general behaviour of the two species, if one 
excludes such specialised features as the “‘bow”’ 
of E. semele and the “quivering flight” of 
H. misippus, show certain essential similarities. 
The hypothesis is based on the assumption that 
the pursuit of the female by the male is in 
reality two separate reactions—an “approach 
reaction” and a “following reaction.”” Such a 
suggestion was first put forward by Tinbergen 
as a result of observations that the male of 
E. semele would follow persistently a model 
with natural butterfly wings, but would not 
follow a model with painted wings. However, 
little attention was paid to the “following 
reaction” of E. semele, the experimental tech- 
nique being such it focused attention on the 


- THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR, V, 4 


“approach reaction.” In the earlier paper on 
H. misippus it was suggested that there appeared 
to be separate “approach” and “following” 
reactions, but the distinction between them was 
somewhat arbitrary, again a result of the tech- 
nique used. In the present series of experiments 
the presentation technique focused attention 
on the “following reaction” rather than the 
“approach reaction,” and the two reactions 
could be separated with confidence. The simple 
“approach reaction” of the male consisted of a 
fairly rapid flight up to within about a foot of 
the moving model. The method of presentation 
ensured that the male usually approached the 
model from behind, and this was also the usual 
direction from which flying females were ap- 
proached in the field. If the model failed to 
release the “following reaction” the male’s 
flight became slower, and it showed a tendency to 
sail. It continued in the same direction of flight 
as that of the model for a short while (4—2 
seconds) and then broke away sharply to one 
side. When the “following reaction” was re- 
leased, the speed of the male’s flight did not 
slacken and there was no tendency to sail. 
With a reasonably attractive model, the male 
maintained its speed, flying behind the model 
until it eventually broke off the pursuit. With 
very attractive models bearing the natural 
female wings the speed of the wing beat in- 
creased markedly and there was generally a 
strong tendency to pass into the “quivering 
flight reaction.” 


The technique used by Tinbergen and his co- 
workers seems to have been such that it analysed 
the factors releasing the “‘approach reaction” 
only. As they demonstrated clearly, certain 
factors associated with the movement of a 
“flying” object (e.g. size, type of movement, etc.) 
were extremely effective in releasing the “‘ap- 
proach reaction,” but the effect of colour, with 
the exception of white, was of only slight 
significance. The slight differences observed in 
the reactions to different coloured models may 
actually have been associated with differences 
in the ease with which such models could be 
seen by the butterflies. Although this type of 
experiment has not been carried out with H. 
misippus, it is probable that the results to be 
obtained would be rather similar to those 
obtained with E. semele. It was very noticeable 
during the experimental work on H. misippus 
that the males readily approached any dancing, 
moving model, apparently irrespective of its 
colour provided that it was not white. Colour, 
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therefore, was probably of little significance in 
releasing the “approach reaction”’ of H. misippus 
also. It was, however, a very important factor 
in releasing the ‘following reaction,” and in 
determining the duration of this reaction. 

The demonstration that the attractive stimuli 
of the female wing originated almost entirely 
from the brown areas of the wings suggests that 
the form inaria, in which almost entire wing 
surface is brown, would enjoy a sexual advan- 
tage over the form misippus, and this problem 
requires further investigation. It was also 
shown, however, that within certain limits, the 
size of the brown areas was not a significant 
feature in determining the attractiveness of the 
model. Furthermore, should there be a mimetic 
selection acting on the species in West Africa, 
it will presumably select most strongly again 
inaria, since this, of all the forms of H. misippus 
bears least resemblance to the West African 
D. chrysippus form alcippus. 
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